
UNCLASSIFIED

AD NUMBER
AD085593

CLASSIFICATION CHANGES

TO: unclassified

FROM: confidential

LIMITATION CHANGES

TO:
Approved for public release, distribution
unlimited

FROM:

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; 01 NOV
1955. Other requests shall be referred to
US Navy Chief of Naval Operations,
Washington, DC 20350.

AUTHORITY
4 Oct 1965, USN memo; USNOL ltr, 29 Aug
1974

THIS PAGE IS UNCLASSIFIED



UNCLASSIFIED

AD. - ,r-•'P

DEFENSE DOCUMENTATION CENTER
FOR

SCIENTIFIC AND TECHNICAl INFORMATION

CAMERON STATION ALEXANDRIA. VIRGINIA

UNCLASSIFIED



NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conqeying any rights
or permission to manufacture, ust or sell any
patented invention that may in any way be related
thereto.



FOR ERRA T.\

* AD •__

'"'WING PAGES AR: CHANGES

T' BASIC DOCUMEr1

0p

4T



Best
Avai~lable

Copy



U S. NAVAL ORD; A NCE LABORATOPY

SILVER SPRIN. M .I1YLAND 20910

To all holdu'rs of NAVORD Report 41 ' --,
'litle: Relative Accident Probab'1Iiiy Aneiysio 4 r

': / Approv,,d by Commander, U.S. NO!, I

i", ( _, B did ctic:,

Thib publicuationi is changed as folio...:

Downgraded to UNCLASSIFIED as er' i emo 1,10:AMC:lmw t• !!L 7!.a
NI, ard GA dated 4 Oc-:ober 1965

Today the pt-Inciples of electr. ' fuzing, .- , nt~e, t'.,
,:X-20. are no longer consider: crl.

b:,

Insvrt thit.-.hange shet between dý c w eir and n(, title pag, u V ,i k..N,-
Write or. cotvpr "Change 1 insert .

Best Available Copy



LFID.ENTIAL NAVORD REPORT d135

K

RE! .ATIN r /,r.CI-=NT PROBABILITY ANALYSIS

I

I NOVEMBER 1935

J.?

!r S. NAVAL ORDNANCE LABORATORY
WHITE OAK, MARYLAND

Ct:'rfD :NnAL FEB 2 9 1956

56AIl 6424
Best Available Cpy



Th-.& doc-atinv't is CLASSW17ED and shall lsi- 1:3fcguarded
in" aciordancv .'itit lha mi'ct.iiy torm-itiois ot U. S. Na~v
Rculiftaoýs. :t ~a fiiibdd~f to r;.ake extiaicts fr.,,t or~to-
copi thix i-la .lld 4lceuincot without- specific appro~it!
~OfthChicf af ~avA. Opj razionsa Jor un fm:r. -is appl~c' -

-able. ercept as provideic for in article 9-10 oiLth'Un-ifieA
Stat- N'avy Sccon-yNa~noal uf Cf~salicid ?IsWter.



i•-.
COFL!D,'NT IAL

NAVORD REPOST 4135

R1L.TIV. ACCID£II F'tPt -L'1TY .AALYIS

Preore~d by:

D. R. Allana•
J. H. Armstrong
-1. H. PHiir
E. I!. Blelns
A. U. Corbin
K:. B. Rowan

ASTJAXTz The complexity of modern ordnance maken difricult
the assessment of the overall effect on usor safety of irdl-
vidual design, manufacture, handline procedure oz use factors.
An ordarJy proc6ss for the study of the relat•ve safety of
alternate designs and/cr practices is presented, with an
e*aaple of its use In analyzing a cotmplex electro.-mechanical
tozb fuse system.

This analysis process conzsos ofs

1. Organizing accident-inducing happeustaices Into diagrsms
Indicating possible combinativi3 resultin& in accident.

2. A23sgning best estimates c-f probability to the individual
happecatanOes and cre-orr:hcckirg for consistency.

3. Combining tihe resulting accid.-nt possibilities by appro-
pr'iats nathezatical processes.

4. beighing tne relative frequency of exposure to tip v.rl-
ouz hazard routes and the relative consequen-es of aecident
at corresponding times and plaeas in daterrininS an ovr.rall
accident prok.ebility Index.

5. Determining from study cf these results the relative
safety of dealgns, effectA of individual probabill•tio c-
overall safety, points of especial hazeud, areas for test.
etc. as a bati: for administrative declilthas.
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Tht opinions bt•ted L.ervin are those of the E~cn:aic&1
Zvdluation Departa.ent and do not costttu'e a reoendaticr.
by the ,aborator.l f'i the use or this system cf analysis.
Tth process described has been fttund useful In the bupart.nent
as an aid In reaching sound te'hnical corcluslicns leadin' to

f zdznistrative decisions and is presented In tV Interest or
a rn.:e sidesrread t.pprec!atton for :Yroblems lnvl-'.ee In
achieving optl-•am odn.nce lesIgns.

It Us recognized that the choice of method -ndo hcrein
r Is fPqeuea;t•y drbi-rary and that -- ny alterna-ve routes to

sintlar results may exist. Further experience in the use of
such analytical processes s-hculd lead to im.provezent through
refinement and perhaps thro.-'h scac. more basic chanees !n
approach; ccmments on the nethoda and cncluslcnz of this
rreýort are solicited.

Mhe basi.c nethod repotcd was developed in the course of
evaluation cork on various fuzing and firing systems in the
tocb, rcz-et, crojec'tIc ant ,nicruate, ordarce programs.
Vhe dnalysis of the experimentsa tob fuze given herein is to
be considered exe-pla-." cnly, since tbe particular design
analyzed is not representmt:ve of a cc-.pleea latnratory
developrent. 1•I0. ieport eas prepared un..er tasks
%U-A2b-"3-Il, NL-A2b-2C-1 and IOL C7z-312-25.

Cap.tat n, U-z'.

it. E. Highto-aer
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CaaP• 1

I•IRO •,T ION

1.1 The American concept )f the Impor•.ne of the Individual
and the desirability of rel iasze or. advanced weapons as a
substitute for mass manpower in creating a strong defense
would lead Inevitably to emphasis Cn safety to the user in
ordnance design and utilization for hunanitarian reasons alone.
Up to a certain point there is also a atrtng economic factor
in favor of safety; this is particularly true in the Navy
because of the potential loss of a major ship from almost any
ordnance accident. A morale factor must also be racognized,
since weapons must actually be used (both in practice exercises
and service) to be effective and!--rose waitn poor reputations
safety-wise will be consistently slighted.

1.2 Conversely, providing safety in ordnance design tends to
incre-.-e weapon complexity, development lead time. and cost
(and thus to reduce availability) and to reduce reliability and
effectiveness. Offense being part of an effective defense, an
overly-safe weapcn c•-uld CouLrtlhrte to unsafety of a fleet unit
by failing to intercept an attocker or by being so complex as
to be unavailable at the time and place needed. Balance between
safety, performance, availability and cost Is therefore of the
utmost Importance.

1.3 Striking the many b-lances (such as the right time to give
up concealment by starting an attack) involved in the playing
of the percentages which essenti 3 31y makes up military tactics
Is complex and dufr-alt enough as It Is without bardening the
fleet forces with explosive ordmnce saeety problem. T1i0
for training Is limited and must not be wasted either in having
to learn complicated safety rouzines to make up for hazardous
crdnance or, or. the other hand, in studying the extra readying
operations occasioned by excessive complexity add- in the
interests of safety.

1.4 Everyone is for anfaty and agz,;s sin, brt the *=t
point of balance in safety or explosive ordnance is a point or
much discussion. The ordnance designer does not have the entire
viatter in hic: -han, ain... uaws of the conditions of fl.-:t use
are deteralned, re-eazanined and tltered bv others In the naval
establislment who are -:in y concerned with taccices,
logistics, ship and alrcraft design, etc. These people cant
be famillar with all the detailed dcsign c.-sIderations,

CONRYID..INIAL
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tanner-of-use ass-pjOfnoS and closeted s~eletons IxvplIcit In a
piece of ordnance hardware. The ordna•ie designer 4oes have
the followine responsib-litlej, nz,'ever, which he 5hould not
seek to avoid:

a. Ocod D~s03n A safe design Is not n--n-sarily rnr,
complex or unrelteble than an unsafe one. :here will always
be room for Ingenuity and careful analysis In devising andS selecting effective saflng systems vhIch do not disproportion-
ately complicate or degrade the performance of ordnance.

b. ln Desin. Each feature of a deimign added for
safety's sk I sM&l weeighed carefully to see that it pays
its way in Increasing safety to an extent that makes up fur
Say added cost, complexity, handling care and un-r1iabillty it
Introduces. Reducing one hazard Is in vain if it contributes
to Increasing others disproportionately.

c. Deter ination of Potential Hazards. If safety In a
desig Is less than desired, it can often bt compensated for by
n and use practices. There is an obligation to explore" possible avenue: of =s~af©ty to Lnsu., that no serious faultsSexist unknown and to msake Informsationl available on which a.decision as to the urgency and value of an inprorement in

dsilgn for safety can te based.

Azncroathes to Safety

1.5 Thlb report is primarily concerned with fuzing syste-
safety. In some cabes, such as in nroject.les, this may, involvek considering only a "fuza" itt=lf; In other cases, as in iIwtal
mines, many separate aoeponents both In the expendable c-dn%.as
and the planting craft for, the ordnance safing and firing
systez and must be studied.

21.6 Over the long history of ordnance, safety has been sought
- by various approaches, and an extensive philor-)phy bps bee

developed which assists an ex;erienced ordnance engineer to
arrive at a safe design without too nanv false .rtarts. Soam

t• of the philosophies which have evolved may be siarized asSfollows: (many of the finer points which are essential to
h thoiv reel! hrn, ofz .s4Ly, been omitted riere,Siid this should not be considered an all-!.nclusive list).

S a. The Inter:jted Explosive Train. Vhli, design feature

has achieved .'rtua~y tA stat us of. a pniicsophy. .y stop•lAng
the propagation of as accidental initiation at a s.ec i-int, It

d eliminates many o•.' ..- ;.oble--- cthcrrize assecv-er-d .".n t"

CiPD1~A



JM

INAVCCIW REPORT 4135

neCaesarlly great electrical and/rr mechanlical senit.'vfty o"
the ?rlonry czpln.sii•e olement vhich Initiates the a# apo.. The
location of the interruption in the train, nettioLs for aval-
uaticn, etc. are well established. Th.• Interrupted train
aloost Invariably complicates a Jesign; if well designed, It
does not effect the reliab'lity of the '.r.ed explosive train
but the zeehanterl op-e.ttie f cfr=I--g Is aa ad.dd phase or
operation *hich can rarely be 1O0 rellable.

b. The -all-Safe Principle (in whtch failure of any part
to operate is iide to lead towarc a dud rather than unsafe
operation) Is Invaluable In avoiding accidents from unforeseen
possibilities of mal-treatment mlsassembly and abnormal
environment. Its affect on reliability is direct rnd obvious.

c. The Series of Safety ?eatures principle is based on
the somn assmptian tWat It is easler to achieve perfection
by design'ng so that two or more Independent safety features
(of a readily-demonstrated level of reliability) must all fail
for there to be an accidert. than by relying en a single feature,
which must be of undenwastrably high reliability and which wiln
fal If owitted or circemronted. The affect of these added
features on cMpjlex4:y anr reliabillty is unfortunate and the
matter of actual Independence must be most carefully examined.

d. Ihe Oertest . osoig seeks to demonstrate safety
by exaggeratn the expected service ,nvironment to the point
where failures of parts may occur or where It Is highly
unlikely that an equival-at shr--k voltage or whatever will
ever be seen ir practice. If failures ind.ced ame not of an
unsafe nature, they are disregarded. This pragmtic philosophy
*eeds out many questionable features, but may be criticized as

leading to overdesign.

e.The Crftical aect classificatlon wisely requires a
higher degre of Inspection and perfecticn in thnse attributes
of an indlvldual piece of ordnance which affect safety. ehen
a great many parts are considered to .tffect safety (as Un those
Ite= relying cn a series of safety features), however, there
may be so mwan critical features as to dilute available
Inspection effort to the extent that the high que.lty level Is
not act-eally assured. High relection rates where many 4.men-
sio-a ara na-ltu: may Zecpar•a• s production und lead t,
waivers bein; granted, ngatn dcfcet.nZ th. system. It Is often

* Used in the Ordnance Classificaticn rf Dafects, a asvy

document gocernlzg the lnrzpecticn a.d -••a .e. •rcG c" ord-.ance
material.

3
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difficult to classify attributes; a dimension slitntly cC- c"
tolerance may affect operability only .-t become sifnaflcant
safety-wise It farther out.

f. Arbitrary aesl n-Feature Re-uiresents usually rcz-ult
from long e rence and undoubte Vi t a great deal of
b.d ordiwce out of service. Such things as cocked firing
springs, ctc. may be banned because of their contribution to
unsafety In partlcular cases; applied in other canps, suck. ban
may not really apply and may seriously handicap design.

SPerhaps the most serious problem is that it Is "uman to assume
that if all bans and requirements are Coopl-ed with, safety Is
assured. This is not true because of the impossibility of

p Including In any list all ramifications affecting future
k designs.

t 1.? The various philosophies furnish much assistances but
i there are simply tCO Many cosider&tions, some of t.en at tl-nes

conflicting, to be assessed continuously for their overall
effect. There is also the possibility that so rany safety
features will bu In series that the net addition tc safety or
Sooe of them Is insufficient to just-.fy their coat (using cost
in the Inclusive Sense) while otbh octident sources which are

V not considered because they do not happen to be covered by the
SPhilosophies are of mouh greater Importance.

. .1 It is the purpose of this report to discuss the netkods
S pozslbilItia- of a mcre all-inclusivq method or analysis

which attemptsx, without pre-judgewert as to the Isportance or
S uniaportarwe of individual probabilit~es, tc p=t the pl•ces
-.. together Into an overall, s6.quantitatlve picture In which theS totOl effect of Indi•idual design or usage features can t0en be
ý a43essed core readily. Ro new or additional test methods oe

Sdesigp feetu.-es re azsuiwd or involved, but & acre penetrating
, • (and laborious) method of analysis Is proposed. Th!Is analysis

cannot el*minate tne need for design Ingenuity or the con-
ducilg of test prcgna. As wsll be dilscusse'!, hcwe-er, It
appears that demoast-ably valid conclusions useful In design

, and evaluation can often be reached by the log.c€l ca-binatlon
1E or existing date and reasonable estimates.

S1. 9 VhIle sone or the thmght •r.cc=c.s involved it accident
probebility analysis ar# similar to those !n reliability

- analysis, the pract•cl handlng o." te •roblea is almost
i ccspletely different. One fundamental reason for this is thatSthere are at least =ly a few ways In which a sysren- &.sn

function as Intended, while there are almost rxaber.*e . "ays in
which it can be unssfa. The philoscphlcal app- . It "lng

4
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toward a complete safety anak-Is must therefore be bas.cally
different from chat seeelnZ th- closest estimate of the percent-
age reliability of a weapon, ,-d the mathematics used will be
correspcnd!n•ly different. aherever concepts related to those
In reliability or effecttv..•eqs avalys-. cre usei here, asimilar terainoloUy and symbology has bean sought, tnt in r=uaL

of this analysis the selection of terms and symcbols Is
arbitrary.

5
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CHAF!M 2

THE RAP AMYSIb

2.1 in essence, the .ielative Accident Probabilit- 4Analysis is
an orderly plan for breaking the complex problez of overall
safety of en ordnence item L-to component parts which can be
assessed by logical treatrent. The first major breakdown
separates factors of situation, exposure, and severity. Uf
thesw three, the situation Is by far the 3ost co=plex.

The situatiocn

2.2 A "Situation" is defined as a period In the life of the
ordnance -h•-ng which the enviro=en- and cond•ltlen which
affect safety and the results of a preature actuation are
essen ially constant. This twans that accident likelihood and
consequences are essentially of one averageable value. To
illustrate this, consider a f ise stored with and without
booster. Here the environmen: is esscntially the same but the
results of premature actuatiou would be quite different. Two
situations would result. On the other hand, a fuze which is
undergoing setback is under very different envilcrnmental con-
dltions fra= one sitting on the shelf. Here the situations are
more obviously different. In brief, two factors are influ-
ential in the definition of -tituation. The rir.t deals with
the likelihood of a premature actuation which depends to a great

Oexoet on the enviroment and the vrmng status of the Item.
T.1e second deals with the probable rosults of an actuation and
is more of a convenient and necessary artifice which will be
better appreciated when the severity factor Is discussed.

2.3 In the UiP Anal~sis the entire life history, of theSordnance ut -rdnance component is reviewed and the situations
• which are like2y to arise are listed. This encourages a s.'ste-

iMatic consideration of the factors In a situation which influ-
emu, the safety of the ordnance. in broad catei;ories, the
histOry starts with ttiMifuactU• and assembly. This is followed

_ by transportation and storade and delivery to feat units forStact4
oal use. Handling and stowage on units of the fleet usual-

lY differ from handling ashore. In many cases, co-.-onents are
assembld to n-o •omplete weaponsW, thus changing the picture
at far as lethality and damage rotentiality are cor-erned.
Delivery to the target z!nolves the couditions or launching and

rALVn. Some ordnance which eas prepared for use will not be
fired and lll be returned to the -agazinc, ship, .i• c .

CVF:FIDWT IAL
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* Although these broad situations eover the normal exp'.-ed tlts,
there are other situations wh'-hi need to be cocaidorad. These
are s3tVnttons ;.hich are nct intended or desirable, tut which

* cannot always be avo'ded. Come examples are fire, airplane
crashes, hung ordnance, etc. The situations, both normal and
unusual, hitch need to be (ns=.derad eal: Jepand on the type cf
ordnance and conditicns of Its use.

Proballitv Factor

2.4 Bofore becoming too Involved in the situation, it Is
advisable to see how the situation fits into an overall proba-
bility of accident. For each situation, a numbhr is obtained
which Is the bast estimate of the probability of an± accident In
that situation. This number is the probability factor (P).
For the purposes of this rresentatiomn of the HAP analysia, an
accident is defined as the cxplosicn or the boostor or larger
charge. This restrictive definition Is used only because the
danger of explosion Is usually the primary concern in consid-
ering overall safety. The PAP analysis can be used or extended
to compare other bad effects (such as th• opening of the para-
chute on a mine while still attached to t.e planting aircraft)
by simply redefining the accident. The probabllity factor is
obtained from a situation diagram, a procedure which will be
explained in detail In later pareagr'-Os. A distorted picture
of the overall safety of the device :-'-ld be obtained If the
probability factors of all situations -are given equal weight.
There are two reasons for this. First, there are soe situ-
ations which are comon t) Pcl aovices and some which occur in
the life history of only a ew. Adjustments must be made for
the relative frequencies with which the ordnance Is exposed to
the various situations. Second, the effects of premature
actuation are far more serious In some situations than in others.
A device which Is more susceptlbl* to actuation In a situation
where the consequences are wore grave uust be penalized in Its
comparison with other devices. A factor which might appear to
affect the weight to be given a probability factor is situatinn
duration. Some situations extend f.r .a lon perlod of time
whloe others exist only a moment. However, It has beer. found
that this factor Is best handled direc•ly In the situation
probabilities. The X0st important reason for this is that the
situations impose the environments which mAy differ so -- !!:
in averity ae character that time duration as a se;arsta
factor my be meaningiess and dlstorting.

cNP.IDEMIAL
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Exposuze a.taor

2.5 To adjust for the frequency r-f vzposure to sItuation3, the
probability factor (M) obtained from a situation is multiplied
by an exposure factor (E). The asrosure factor Is dimension-
less. It is determined by the averago Tn=ber or tir-es to which
the average piece of crdnince wIll be exposed to the particular
situation. For a siLuation such as initial assembly, Its
value is unity; for a situation such as "crash aboard carrier
with Lung ordnance* it will be much smaller, while in some
situations such as "fuzing missile" Involving frequently
diassembled ordnancrt It may be .reater then unity. The
exposu•e factor Is subject to. charge by changes In tactical.
doctrine, field handling procedures, etc. (e.g., by a charge
from a doctriae of carrying a weapon on ant±-su.za-ine patrol

' to one in which weapons are used only on strike missions)
more often than by changes in designs and therefore may well be
retained as a separat figure until the final. stage of an

I analysis, to facilitate trying out tactical or hendling pro-
cedure changes for their affect on safety.

&everity .actor

2.6 Adjustment for the consequences of an acci:lent in a[ etaI aa Is made by multiplyine the probabilty factor Gi•S and exposure factor CE} by a severity factor W•. The seveýrity

feactor s to represent the average €coet" of an accident of *no
Lassumed type occu-rringIn the st'uatl considered. "Cost"

may be an Inclusive term Including not only the direct loss !2
damage to material, ships and installations and In easualtles
to personnel, but also perhap soe0 estimate of the loss of
ta.atical capab1litle. end advantage, coaprcmise of secrecy,
effect on morale, etc. The degree of Incluston Of these in-
tangioles must be stated. It is often satisfactory to make
the severity factor a relative terr. rather th"a an absolute one
(as by considering S for the explosn of a fuze booster rhille
the fuze Is being handled saporately as unity, 6 fp- an
accident Involving ;robeble loss of a biober as 10• and S fo.
an accident jeopardizIng ,a carrier as O0 1 Ifc: example). This

-is because competitive designs beine analyzed will be used with
a similar rain weapon charge, involving the identical hazard :/
aclnl ixplodi4f ii. 61.;43r ziýtn.Te5fco is -o,

S represent on the cost associated with -- alfunctlon of the
or e p cls e nnlyzed; it sould be an estimate of the
d'Verenee In cost between that of an aircraft accident In ri'ch
a r mb abord exploled azd one in which i•t did not In sl..i
aticns where the daL.age varies with the exact tn.,ý t. the
acc•dent (as in thc cAse of a rocket precatur- et .hS. damage

c, si.'-:"F'-.. IAL
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range or the launching aircraft) a *.el1hted aserage vclue is
worked out, subject to later c.oser individ-val analy:.is If
results warrant.

247 The severity fuctor is essential in weighiug the relative
safety of ordnance designs ana should not be left out except in
asking comparisons 1imited to oeri cacific weapon and situation.
The figure of not more than one a-cidert ein a mil.ion" often
quoted as a goal for navy fuzing does not adequately express the
true need for all types of ordnance. If acceptable in the
planting of subearine-laid nines, It is clearly excessively
stringent on a relative basis for aircraft-laid mines, and like-
wise if acceptable for a fuze alone Is Inadequate for the same
fuse In a 2000 lb. bomb on a carrier deck.

Relative Accident Probability Index

2.8 The product PES Is a number which characterizes tLe hezard
from the device in a situation and is properly weighted for
= rison with other situations. Since F is expressed as the

probabillty of an accident In a situation per device, S is
diensIon-less, and S is exprassed as the monetary loss ;or
accident (in so"e maltipl6 of dollars), the product PM Is the
probable relative dollar loss through accidents In a situation
per device - an index which rates the hazard fro= the device In
a situation. To obtain an overall picture, the.jdexes of al2-
situations are added. The result Is a number QX.F.S) called the
Relative Accident Probab$lity ,dex (RAPI) which ca,. be used to
copare different devices. It has been found most meaningful
to express the overall accident cost -ttributable to the use of
a design of ordnancs in terms of cost per unit of ordnance
man ed oz led. Such fjLres are tien in fn o-to be
compared withte coIst-o maufacture d the ordnance unit, with
the cost of use (logistics, firing, planting, etc.) and with the
tactical usefulness per unit (e.!. shipping deage per mine).

2.9 An additional factor may be recornizeds the probable
ummber' of uILe Lo be use-. Since this can always te cranked
In at the end ,f the process without orlinarily eo~ifyIng the
figures that have gone before, we have arbitrarily cheson to
exclude It from the RAP analysis. If added, this factor has
the interesting rzoperty -f terling Lo ruduce the errec'. .f the
severity factor, the bigger-bang Items of ordnance fnr other
reasons norwally being used in "-ealr quantitls. The totl:
cost of accidents from all the ordnance of a given type srnu-.
fantured tends to be core•-ccntant.

9
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Factor Determination

!.10 Of tne factors discussed rorzally only the situation
probability factor (P) is complicated to understand and diffi-
cult to baso cn known values. The gc:.eral prr.o.1-are for
establishing this factor will be considered briefly here; since
probability factor determination is the nub (and the biggest
part by far; or the ?AP analysis, the dftalled procedure Is
discu.csed in the later chapters on Situation Diagrams, Prc-
bability As2ig1WSent wid Sumation of Path Probabilities. At
this point, a glance at Fig. 4-3, a diagram of the paths to
usaf"ety in owe situation for a Laub ftze, may help clarify the
discussion to follow.
2.11 The analysis procedure to determine the probability of

' an accident in a &lien situation Is akin to the developmenw ofS a complicated wirlg diagram from component circuits. The
w hole diagram is far too complicated for normal thought

j processes, lout thn Individual components aszd circuits are quite
. simple.

m 2.12 In the RAP situation probability 3nalysi:, the Individual
E circuit equivalent is the accident pathO. An accident

prceeds from srme "eventm or happenstance through what ever
other events are required by the design of the ordnance Item
and the clrcmsttances at the ti to the exPlusion of the
booster and/or main chzrge. In uost cases other happenstances
are required to completA tho pat-i. The events are not
S necessarily in t1me sequcnce; a previous event such as omiss-
t ion of a safcty device in m-rmfact=ur may become part or an
accident path later when same other untoward event starts the
acc•dent process.

S 2.13 In a situation we wast consider a ult~plicity of
accident paths, for there are a&2-s- always sevwral ways in
=2 .1ch safety may te defeated. The only meaningful cverall
probability of accident for a given situation is the swat.Io,.
of all these Individual paths. In practice, the analysts
process approaches this figure t- a 3ystematlc listing or al
forse4an paths. teir arrangement in a diagrac, and their
combfiin by aupropriate rAth-ae!ce3

2.14 Tle e..ulvalent of the individual coop*nent in the wý.-rU
diagram Is the *event", a cin:le happening or condition wth.o,
prcln-:llit.vY undr the conditiens rpcullar to the si-untIon can

7 be estimat&d frc= exp~rlence or a priori Inowleat. % ,'eter-
m nined b; teat. Ze les are the acc!Jental dr,:pp'nt ýf a fuze
in s•'ch a wrsonr as to close an inertla switc:., th- -.nor•.rz

10
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of two wires in the process r assembling a fu.e, tue i1n=t1on
of a pyrotechnic delay colum r heat frcn en adjacent sxpiosive
motor, or the Inappropriate turning of a safety switch in an
aircraft ordnance firing circuit control box.

2.15 The keystone of the Relative Accident Probability
Analysis Is the use of the same value for the same event in
different designs or system-"tng considered In each case ihere
the sae conditions exist. For exanpla, in comparirn two mortar
ruse designs externaily and operati•nailr similar, the pos:i-
bility of a second round's being dropped into the mortar while
the previous one is stlU within the barrel would be &asumed the
sam for each. Since most competing systems incl-de zany
conm, design features and the same external factors are oper-
ating on both, It is often possible to get an appraisal of
their relative safety tUAt Is more accurate than the knowledge
of the probabilities of individual events used in making the
analysis, due to thir canceling effect.

2.16 Whan the whole sunmation has been made, the results can he

se-.lewed to see the parts significantly respcnn!ble for t"he
total. The product of the probabilities of the Individual
events making up each path Is the probability of an actident
via that path. If this path probability is s=al, the effect
an the overall safety of the probability value of each event
which occurs on& iA such low-probability paths Isi!Uo sall,
no matter howbiIh the individual event ;robabil•ty may be.
Convrsaely, if an indiv.lual esant occurs in a short accident
path having a relatively higher probability, its value hss
great effect Cn the answer. These relationships make the
=ansis very effective Iz p••-poý-tng de-i-_-n features where

improvement in safety can best be soughtIin selecting areas
in which determination of prob&1v-1l-tIes by test Is important
and warranted, and in determining th2 maximuw change in overall
safety that would result from eliminating a safety fpature or
from reducing the probabilit) of aoe event tending toward
aieldent to zero.

Purposet of .he RAP Analysis
2.17 Presently foreseen uses of tie R.P - -------v .

the follouing par=ra&p1s. Specific ways -'- which a r.rtlcular
example of A~ HAP -.nslyslz could be used .ns a baa!: fz:r ta-ch-.
nical and odninIstrative decisions are given In Chapte.r 9.

Uses of the Relative Accident Probebilit. i. .l-sis:

a. ?o aford a logical procedure for c.,nside.ing e-.

the ;c~uz.4.u va.*ati'vy by an ornjariy ccnsift,:ation of tle

11
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things that can go wrong throughout the life history of a fu-zr,
system, thus avoid?., "bloopers."

It can hardly bs assured that all paths wIll ba round,
but the probability of missing-a serious path Is cut
down by any systematic conid'iratlcn. "i'!s is part-
icularly important where divided responsibilities are
involved (BuOrd-Buier; AM launcher and Navy fuze;
etc.) and there is a serlouq likelihcod that both
parties may miss checking a possibility for acelaent
in the belief that the other is aware cr it and taking
precautions.

b. To channel design and evaluation effort (safety-s'se)
into fruitful channels by affording a fairly quick Index, a'
priori, of the net benefit possible from removing a hazard-
contributing possibility, establishing a risk more clo:ely by
test, etc.

There can be little gain in ovar-il safety froA
eliminating or studying a hazard which is not cai-sing
accidents, and the "ffort Involved, often major, may
represent inefficient use of money and engineering.
Purrtherzore, side effects of the change may result in
a worse overall situation. For example, express
highway construction night result in increased total
harnrd If blowouts, rather than collslors and other
factors which superior highway engineerinlg could reduce,
ware the principal causi cf accidents.

c. To foster simplified ordnance design by permitting th=
use of novel types of safing or the elimination of some exist-
Ing design requirements if the alternative systems ca-n be shown
tc -ftcrd equa). or better overall safety.

The ultimate criterion of a safe design is that It
not cause accident expense, not that It pass cerLain
tests or contain certain features. The cl._:er the
actual use of thls criterion can be attained, the
better will be the balance between safety, oparability,
and Ymnufacturing and eveieopment cost. It !s our
belief that mt-ny and tI-lnt spent on overall eati-
mating methods and their application %Ul yield a
graater re'urn at this time than similar effort In
ordnance design-, test, or spccl.it tet.na-th-d
developcept pro.ra=s. This is true only because or the

12
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general," good ;afety whl;h II characterisLic or
American ordnance at nresent and thu extreze cn-plexity
in ordnance design which Is rampwat despite earnest
irf.ividual efforts to I*it.

d. To furnish guldan-e In the deteqnInation of heanaJing
and tacticel doctrine ror existing designs of ordnance a" It Is
affected by safety considerations.

O=erat•ons are often spoken of as Involving a
"calculated risk," usually withnut real calculations.
The RAP Analysis furnishes a framewOrk for such risk
studies and therefore more realistic guidance.

Things the RAP Analysis Won't Do

2.18 RAP Analysis Will Nots

a. Estimate within a close range the accident cost and
rate for an ordnance design.

The Individual probabilities going into the plcture
are not velx: enougi. eztablis.ned In most cases to be
put on an accurate quantitative scale, and the summa-
tion cannot be closer than the rverag*e of Its parts.
This is why the term "Relative" is included in the
title; because of cow-cn term appeazing In thi
analysis of different c€,petltiv3 desi1ns and in
different situa"ons I- the same design, many valuable
€coparisons can be made, and most administrative
decisions can be =ade correctly on suzh a ba1si, but
the answer cannot be expected to be a =10% matter
unless it happens th-at only a fay. Individual pt..a-
bilitles are significant in the onsw-

1
r and that these

are ones on which extcnsivo datn are avallable.
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SITATIONS IN THE LIFS HISV).Y O 7 A BUT FUZE

3.1 The first step in the PAP analyris of a piece or ordnance
Is the division of Its co~plete life ni.rory (frot a specified
Initial point to a specified end point) into analytically
discrete situations. The reasons for such divi.ion are dis-
cussed in general terms in paragraphs 2.2 and 2.3; to Initiate
the exponatica of the RAP analysis technique by s.-ec1ic
example, this chapter introdaces a bomb fuze chosen as the
Ordnance item to be considered and gives the reasoning behind
the division of its life history Into situations preparatory
to the analysis covered in detail in succeeding chapters.

The Bomb Fuze EX-200

3A.2 In selecting a fuze to te used as an eyaeple, several
fuses ware considered. The JA-2C0 was chos.n because it incor-
porated electric arming, which is a relatively new method for"fuze arising, along with the usual mechanical Interruption and
Intzrlocks. The choice of thi- fuze was further influenced by
the fact that the development stage was nearing coapletion and
It was felt that an analysis of the fuze wcould be profitable in

S regard to the fcrthcoming evalusties. As It happer.ed, develop-
jaent of this fuze was subsequently canoelled. H-avecr. the
BX-200 turned cut to be a good choice for Illustrating the
si•t'od because Its complexity required corsideration of a wide
variety of factors in numerous combinations, thus giving ex-
perlence in many problems In such anr, analysi

3.3 The =-2-C Is an i--pact fuze for an athwartship well
designed to jetonate the GP low dreg bombs. The fuze was
dezigned for interchangeable use in bombs .iavbng tie new 2.781

L inch fuze well. It contains an Interrupted exp..vs!-te train
with a positive lock on the "cut-of-line" rotor when in the
unarned position. T.e fuze is energized eleut-.!ally *nd the
arming rnd firing pyrotechnic delays, which are electrically
fired, arc s-elected by means of control Sear in t.ýe aircraft
at the t!.ie of bcnb release.

The h•-bardler =y zcl6ct tao ; .-ciu delay tines (nstaer-
tapwuus and 50 as) and two different "a.;nZ de-oy times
(6.5±0.5 and !C±0.3 scor~ds) depend!,-- zpc- ti-a tactieb r4 the
cl-sicn. !his Is accomplished by tw, c du.l csItion zelector
switches In the charri-g gear (S1 and SW2 of .ig. 3-..

14
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Tne fiaze compri•evs throg src:,ate firing trains, each
leading to a corcson 96 era= tetryl booster. Bach trp-': consibts
of a primer, detonator and tet.-:! lead. The pr;wsrs at-- seated
In a stypol houbing and extand Aown into thb aluninun die-cast
rotor and lvaJ hn-ing. Ine detonators are housed In a stcel
rotor. All electrical corpcnents are encased in the potted
stypol housing. Also inclu-!ed in the a,-.,.-u die-cast -ousing
are two explosive actuators. Both poerata switches and, in
a.d"Ition, one turns the rotor into the ar"-ed position.

3.A Figure 3-1 is a schematic dlagram of the electric!
circuit of the fuze. The circuit diagram shons the saitches
in the normal non-ooerated position. Arming and firing tines
of the fuze are determined by the choice of the magnitude of
the app~led voltage and its polarity. If a chargi-.g potential
of 300 iolts is chosen with a polarity such that the grounded
side of the fuze circuit Is positive, the fuze will have a
nominal arming time of 6.5 second: and will fire Instantaneously
upon impact. The circuit action Is as follows: The applied
voltage charges the two storage capacitors C. .and C3 and fires
the actuator Al which, after a nominal delay of 2 seconds,
operates switch 81* The 225 volt diode then breaks down,
charges the condenser C4 , and In the process fires the antuator
A2 . After 4-1/2 seconds, the activator aligns the rotor aad
operates the switch 62 . On Impaot the switch R-SW-l closes and
firza1 ibth the Instantaneous and 50 ms primers. The primers
will fire in time order. If the op-osite polarity is chosen,
the IN48 diode will prevent .urrent flow through the Instan-
taneous primer, allowing only the 50 ms rrlmer to fire. Thus
the choice of a cnar•ing potenti.l of 300 volts provides an
arming time of 6.5 seconds (2 seconds fro- the actuator Al
delay time and 4-1/2 %ecor;.s from the arzitig actuator A2 delay
time) and the choice of the polarity deternines if the firinr
on impact Is Instantaneous or Is delayed % "illiseconds.

3.5 If a 10 second arming delay Is dthlred with instantaneou:
firing upon impact, a 195 volt charEinE potent.hl !-- chccn
with a polarity such that the groud.'• termlnal of the fuze
is positive. The condensers Cl a-nd C3 and th• actuatoe A,
operate as described above. Fowever, In this case the 225
Volt diode will not fimction since the applied ioltbee is lens
than Its b'eakdown rctential. instead the storage condenser
Cl dischargas throulh Lh.- Cn- circuit conposed of itself, Al
and C2 . These corncnents are so chosen that there =1i.1 oc a
3-1/2 second dclay tcforn condenser C2 charges to . sn:frteený
potential to break down one of the low volt*e (1iC) d?.des.
"!ben the diole fires, the 4-1/2 second d'.1 - act. . .or (A2) is

15Ni~r.LJ



CO.FIihJ IWL

WAVORD RBCh-:I 4135

activated and the fuse arms aprroxicately 4-1/2 ecconds 33ter.
Firing of the Instantaneous and 50 ms p. seers occurs upor,
impact as described above. If 20 seccnd arr.Jng with 50 es
firing dalay is desired, the polarity of the 195 volt charging
potential Is reversed. The circuit action Is idcntical as
before with the exception that the oppcsite low -.:age dlode
pa.sses current and fires the 4-3/2 second actatsor. Sne two"d-icdes are comiected in parallel with reversed polarIties tc
provide for the two polarities of the charging potential. Coly
the 50 w primer fires as described above.

3.6 The condenser C which Is also charged alon.g itn the
condenser C1 during the chargIne ot the fuze is connecteA
through an Impact switch designated R-Vvi-2 In Figure 3-1 to a
shorting switch and an eleven second delay priter !r. parallal.
The shorting switch operates by the action of the two sccond
actuator A 1 . It provides for sterilization of the fuze in the
event a prer.ature Impact sufficient to operate the "Jigglea
swtteh occurs within two seconds after the fuze is chkrged. If
an impact cc=& after two seconds and before the selected
arming tine of 6 or 10 seconds, the arming actuator A and the
switches it contro-s' wi.-' not have o;Srated. Henc theo Instan-
taneous and 50 = prlmer will not be fired. However thes 11
aecond primer will be initiated; the fuze meantime will have
completed its or-Ing cycle.

3.7 Also shoan In Fig. 3-1 Is the rotor lock shaft and the
drip switch 53. The drop switch within the fuze Is restrained
by a shear diic until the instant of drop. The c=ntended shaft
of the drop switch locks Into a hole In the rotor. In the
evelA of premature action by t1he arming actuator A, or the
primer and detonators, the rotor would be held in ?he unarmed
S puoticn. than the drop switch has acte., by the pulling away
of the charging Insert and plug, its extendea shaft Is withdrawn
from the rotor; however , the rotor is still heLd in the safe
position by a shear wire. After about two inches cf free isl,"the dtrawing out of the charging cable cause% s-.itchir to be
completed In the bowb rack which allows the charging voltage to
be applied to the fuse. Voltage is applied untill the disc is
sheared and the charging Insert is pulled away from the fuze.
This occurs after about 6 inches of free fall. She release of
the :hn-ft loe ozrater. £wit.ja., *xIsj aaicisconnects troe intcrnal
c:.rcult or tOe ftze from the external cc.tntts. The saltche:
designated in Fig. 3-1 r-s R.-LIC-1 an.' !t-.--2 close the cireu.ts
:row the ccndensert to the primers ulcn 1tamat. They ýre en-
cased In the stypol ..aust.,- and are o=.idirectlcr.--l- senzitlve,
and they operate c.. 37 g or greater impacts.
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3. -The ch&rr1.n gear lecated !n the rlane is sh.cn ch.zati-
cally In F!,. 3-2. AZ any t=lr up t: the !n:.t:, .L of iror. :?:e
pilot cr bo•ltare!er nay se!Act the ar.irg and fir!ng deD•s.
desired. :.hesc delays arL cstur1!-ncd by the selectlcn cf the
positicas orf "witnes Zý-il and L112 resrpetively. The only ethn-
,sltch ramaining for the bcitsrdier to n-erate is the to=b
release switch or, if need be, the bcn.. jett!z- saitch.

3.9 The conbination of electrical armlne. end charging is a
relaZively new and intr!ed .yste-. for "natc4 States boi ; Lzng.
The forces ascocIated with rree failLng b1=:s ahlMch are nor-
ially used as a =tans ef arming do not readily lend thczelve--

to Luzing systeos for loy, drag bombs since the recuirezents
prohibit the use of arming wiras and air vanes. Because of
these design restrictions, It beccres necessary to depe-,d up•-
the aircraft charg"ng system for part of the safety zhich
cannot be designed into the fuze. This is acc,ýo-m;shed i the
bX-2C0 fuzing Syite by installing, In series with the firing
lead, switches and interlocking relays which prevent the &.wr-
gzlIng current from getting to the fuze input ter.-Inals until t5r
desired time. "-ne of these switches are shown in .'g. 3-2.
b% Is a 2pull-cMt o;erated and shorting switch." while ia the
norral pcsition, this switch sintalus a short acre-s the fuze
Inpuat terminals and interrupts the firir.g circuit. This switch
is orp.rated by the fallinj tomb as it drop- free of the rack.
The ser.ls "Inected sh~cklc Interlock switches designated S.J3
*Ad SW4 :.rdak the :Irlng circu It as lo-g as the shackles are in
cloced nosition. These switches clCse as the shackles c;en to
release'the bomb. The Ir~erloci. relay designated A-I also
isolates the firing circuit from the plane sup:ly voltag(.
This relay is activated by the bomb release swltch. An addl-
tionaa switch not shown in the schematic was rzopczed for use in
the lending gear to intert.rapt the .harging circuit whezn the
laz.dtt.g gear was down. This w"- tz. pr•-orie additional safety
during fuzing, take off and landing. The firll switch is the
=aster armament switch which control- all the armamer.t power
ard =rat bc closed boerore dropping. Thus a aLnixar.u of 6
switches is used to add to the safety of the fuzing syiee.

;.10 After the bomb is in place in the rack, the fuze is pushed
up Into the wall fron bveon, and the retaining plug ls screzed
in and tightened. The charstine plur frro the th^-h r'c% -tn
than be inserted into the fuse at anm ti-e before take c.f.

3.11 krior to drop, the lbardier has selected the .rmtnj
rod ZIrng lelay desired by choosing the proper settings ef the

charginS Star. Frcm this point on, the a.z* " dro.. is the same
as for any norzinl bomb release. At the instt-rt o.- drop. t!,e
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bo-b releQ3, sWitCb is pressed; this oerates the In:erlock
relay ,tj2. The eh-arging voltage then a•peers ot the cttitzbe-
In the comb rack. At the sae ,iae the bomb release solnocla
is activated; tnie 3%aclrl-s begin to o;c:z and when opened, close
the snackle interlock switches. After abo.ut two inches of free
fall, the "pull-out operated shorti,C and etar•ti• suitch" IW*
causes switching to be completed In the bomb rack, unshortina
the fuze input and applying voltage to the fuze until the disk
is sheared and the charging insert Is pulled eway ^ro the bc-b.
Arnlng then proceeds as described In the paragraphs cbove.

Division of ,Lire .istoz, intL Situatins_

3.12 The life history of a fuze such as the LI-200 is madi up
or several periods which hawo teen defined In paragraphs 2.2 ant.
2.3 as situations. in order to =Aka these divitijsit is
necessary to study the environments iu which a raze frind
itself, the state of assembly and armln of the fuze and the
severity of acy accident which night occur In these environ-
ments. Backtfatking a little, it appears that the life histiry
of fuses falls into two more basic periods of its existance,
whlui, are in twur divlsIble Into situations. The fuse's life
begins after Its ma••facture; then there follows a pcri-d 2f
%hat might be considered a latent exstence durirg which the
fuzes are handled in large groups or lots. It performs no

£ functions and has very little iluence on other ordnance.
Transportation usually takes place in sealed rontaine.s or
=•utntion carriers from the loading plant to a place of storage,

where It is kept for an indef.ine per.. of tine. Durtne thi-
so-called quiescent period, the environment of the fuse, while
varying fro& time to time with handling, transportation, =blenta
teoperature, etc., is within averageable limits for the purpose

S of setting up a situation. Another consideratoln is th* re-ul!
Sof A prezVatre actuati•n. As will be soen later, the results

of" a prerature action in this early period of a fuze's exist-
ence will be quite different and considerably lez% severe than
in aVy other period of Its life.

:.;15 Atter a period of time, the fuze will be reyoved troa
storage, transported to a now locality, unpac.ed and made ready
ror the ubi for which it was u anfa-tured. It is at this point
tftat the remainder or a fuse's life cycle passes oorn-ratlvel3v
fast as coopared to Its storage existcrice. :tre tne Zuse •L&C
Itself in several e1fferent enciro-euits which Day chan.e -ather
abruptly and on which the prospect of pre=aturv Aotuatlc:. =ny
g reatly cepend. L- addition, since the fuze is now associa;.:a
with larere quantlites of explosive and is in the 3roximity of
vubxerab: equipaent ef war such as planes and t-1, .. the
sa-erity of a r.-ez,ture actuation is incrcaa' =xns'4erably a.
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cccaared to t.h- -f Its first rerlou of cx.:tcnce. V'ius It
scee-s that two basic factors determIne the te•1,n.,.'n d ,rd
points ,f a -it;ation. they a.a t4) the envyronetnt and 3tate
of armine Wheb lnflt no, * .tt nt_-o-- h i-y vauz preonature
actudtift:, and (b) the results of a ;reuatLre actnation.

3.14 The first situation tnen In the lt,e .istnm" -f this ruze
c.ntails all of this first tas±c' rerlod of existence and Is
called zta-c h',snll n- an trnr.taticn outside or ordnance.In case ab-d o ec--e Lit'1itedy thaekexposion sct-lc pr•-ba '-"
be confined to the arsunition carrl-: and there would b6 !nsig-

n~ficant danae to the stcrage area. In essence, this situ-
atica Is made up of the events that may occur fro the t ime or
assembly thr•igh storage and trans~ortatlon to the print of
unpacking just prior to the fuzing of the bobs. :ths divi-sicro
Is adequate for this fuze. Other fuzes rcqulrin, pre;aration
(such as applying arming wires) "ay warrant division into
additional situations.

,3.l After a fuze is unpacked and rade ready for u.e, It Is
here t.hat its second -erlod cf life be-elns. After the protec-
tiofn of its container is rereved, it Is inserted into the fuze
well of the bomb. This sttu.ticn, known as -, exsstc for
only a short period cf tine. It begins with the insertion of
the fuze into the well and ends with the closing cf the con-
tainer cover. The fuze 1- now in a different envircnent as
compared to that of transportatlon arn storage. The lIkelihocd
cf being dropped or spuriously Initiated Increases as It Is
handled during rerzoval frra the container and inserted in the
bomb. The severity of an accident nay be incteased by the frct
that the fuze end t•ob arc brought tcrethcr rhysically. Similar
to fusing, there is t." reverse situatior, of deruziL. This
sit3 _eton exiZts because there ray be reasons_f -removal of
the fuse froz the bomb, as would ce tt.e case if tactical plans
hAd c!.mned and bombs cannot t4 stored in a fuzed conditln.
It is Ilkely that the defuzint situation %cald be mare
hazardous than fuzine, since electrlcal connect ions r:.y have
been made and the plane Uay have bcen in fli!ht and sub.te-ted
to the environment ass-clated with normal flight. it _s
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considered that the time requlred for defuzine and thp sever-
ity in case of an accident would be the swme as fnr fuzi.C.*

3.16 After the boint is -ured, there rAy be ccc-sicns that %S21
n.cessitate the landling or a ruzed bob. Thlz ='.;ht occr if
th- bomb has to be removed from one plane to anohr.er. This
operaticn, or situation, Is designated as fuzed bomb handlijng
and Includes al! events following the act of13inZ t•otl

* actual connecting to a plane. During the situation. the fuzed
boab may be transported in a bob carrier from one part of the
deck to onother, passing in the proximity of other boats orSplanes. There exists the possibility of collision with ob.4eetsSon the deck, or the boeb falling irro the carrying vehicle. In
tis particular instance, it has been pointed cut In para.-aphS3.12 that the normal procedure would not involve the handling

Li of a bomb fazed by the U-200. However, it is anticipated thatSoperating conditions could cause deviations from this normal
- procedure often enough to require its Inclusion In the anralysis.

"• 3.17 After the bomb Is fazed, the electrical connections
* • between the fus and place have to be made. Here there Iz a

. •marked ch-gae in the envr•c.aent of the fuze because it is newS . under the influence of the electrical system of the plane. A
S path to its internal circuitry has been established and theSprobability valuec assigned to the events of the sit- tlon are

affected. •he c•w.ecti of a fused borb ta the airplane thus
becomes a WStuatWo. 4he act Or making plysical connection such

S as; the engaging of the bomb lugs mast bt considered In the
situation, although normally this ould be done before theboab
is razed.

3.18 After the fazed bomb Is connected to the plane, there wIll
W be last minute checks of switches and electrical connections.
* Ir.uing the check out period there exists a possibility of cer-
Stain critical switches being pushed and even the chances of

acofdtntly dropping the bomb from the rack onto the deol.
S Although the severity of an aecident daring this check cut

_ period is probably no higher than when the fuze Is selng
E connected to the plane, its environat has ch~tnged to tne

a The -ochanical factors involved in fuzing and d-:fzing
Sere often op.ositc 'M diractt=n Caa I- the case of a fuze thRt

e 1s screued Into a projectile) and may the.reforc be orofoundly
_ d•ffont " in effect, .artic,.-rly lf leg.esl (tr..-h

!4 unauthorized) methods are used which apply loads in ,Un
t
.wndZ.-

lcatlons. In mecsanicnl fuzes part!cularly these factors =ustle very creftlly cinsidered.

Z-0
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extant that the fuZe Is now =ore than ever under the Inf'uenczof the electrical system of the plane so Ocat this ceock~ng outperiod on deck before take-of. is necossari.y a separates*tuatiaon.- -

3.19 The .-ext s!tuation IV which .z fuze finds itself is take-off. This is a short period of time beginning at the t-"i "-rej-Tne ha.: bcen given the signal to take-ofr u",til it Is air-uorne and rut of danger of an accident which night affect thecarrier. There has been a change in the fuze's environment inthat it is now exposed to launchia acce3erations and planevibrations which might possibly defeat scne of its mechanicalfeatures. As the landing gear is retracted, an additionalsefety block from the plane's electrical power syst-M is re-moved, thus increasing the probability of extranewus chdrringcurrents getting into the fuze. The sevcerity of an accident inthls situatiop is reduced somewhat by the fact that the dangerto the carrier and to other planes cn the carrier Is decreasingas the situation proeresses. Closely associated with the take-off situation is the period of normal fLZU. The severity ofan accident is greatly reduced since the carrier is no longerIn any danger; however, the environment is much the sae asthat of take off. Ir these ,.wo situations the electricalsystem of the plane and %he charglng gear are the predomi-nating factors in the environment of the fuse and they Increasethe probability of spuriotsjy Initiating the explosiveeomponnts. The situation of lIzt includes the events frannormal take off to litentional drop-or return to base withcuttrying to drop.
3.20 Tbe next logical situation in the life history of a fuzels "norrmM dm. This could very wenl be the last situation in_a £tua-s life for it is here that It performs the work forwhich it was intended, d at the end of the situetion i-destroye. This situation lncludes the events which might occurfrom the time the bomb is released until It is safely separatedfrom the plane. Here the zafet7 features of the plane are nolonger In effect, current has been appiled t- the fuzeinitiating 2m0 of the explosive components Within a lethalrange of the plane, and also at the lnzrtant of drop thepositive mechaaical interlock Is removed. 2he probability orthe bemb bcin safely separated from the planeo before thsoccu"rence of an accident de;cmns no ostn a sail raber L-series events since msa of the zafety features have beendelibsrateloy reoved In this new cvrifroaerin. jetffson is aspecial care of normal drop; since the fuze has not been armed,the hasard shlould be less. Ther.forc, no s-.etIl situation iscalled for unless there is scme pecul•rltr o Lie processnecosary for lettiscnlng which might ,:.:n.e t. e stor'..

21
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3.21 Although the life of a fuze should have ended after
norual drop, there are c.:caslons when .- is desirable to return
aboard the aircral't carrier without dro?.!.ng the orn.-cc.*
For this reason, it Is necessary to ccnsider the events which
might occur on the retrn. it is oevdent that LoLh nrrnal und
abnormal situations can exist when a plane retur.,z with its
bo-bs, and th0s3 conditionz create different envirnn=ents for
the fuze which necessitate the defining or separate situations.
The first consideratlon will be a return with nor-Al land In.
This situation is made up of the events wAM mght eccur
during the Iand&ng. The events will be similar to those during
the take-off situation. Preoarations were made to drop the
bomb, but It was not dropped. In zhis situation, it is assu-red
that the ordnance and plane are in a normal condition duri45C
the landing.

3.22 Several typeas of abnor.-l situations tan develop duringthe return and landing with bombs. The envyronment of these

A situation can possibly arise when an attempt was made to drop

the bomb, but the drop was unsuccessful, resulting In the
situation of return a• landl'g with hnx crd.-nce. Tim Lvr•--

S release and Jeit in switc"heshavebeen c--• ,d and pcs3!bly
the fuse charging switches. Son. malfunction prevented a
normal drop but the extent of this is not known. In this

NE situation It Is assumed that the ordnance cas off on the
• landizg. The events of the situation are Influenced by the

arts of closing the switches during flight and the mechanical
impacts of tht- borb as It rolls or• %lId8s down the deck.

ac :.2• Other situations winl cave Into the picture when a crash
I Ing of tbe plane Cccur3. One situation under such an
en.trocrmptt Would be Umt ea crash on landlnK with hu:

~" cr~iaance.49 Blar* it Is asuwtaNteoa ~isfodged an'
T. gM SIng plug may be detached from the fu"-. There Is a

• slIght chance that the fuze is charfed. Another situation

* Since It would alsays be desirable to tring the
ordnance back aboard as contrasted to Jettiscntrg the bomb or
ditching the aircraft, this situation should be considered In
may analysis in the hope or showi that bringing It back Is
also safe. If the hope is not bo ue ot, restrc:UIons can
then be placed in the use doctrine.

-* Wiitn small bombs It may be necessary to consider a tboc
h by one lug. This situation, which wee not considered In
this anaysls, cculd' be considerably more dangerous :ine the
charging plug nay have pulled cut nornal!-7 hen t.. '! was
attempted.

22
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which presents itself rou~d be crash on !andnir- -itn rormal
ordnance. This involves the v cSffa OCCen-d--larng-T--C
wha-t tarted oc. to be a nnr-msi l:nding tut resulted In a crash
of tha iao

3.24 kaeeplng In view the ,vents that -•.-pen after a crash en
landing, two flnul situations are duscrobcd. if a L-ot.b Is not
detonated during a cranh landing, disposal orcratlons ,-,st
follow. Tha Lorb may be defuzed or it might Le di-posel of by
letting it zlide overboard without defuzlng. Thus the rend-
e" ordnance safe or dis osal or crdjance after crash T" in?

itsTitution ýe up of events which are pertinent to this
operation. It does not Include dcf-zin; by the normal method
discussed In paragraph 3.17.

3.25 The final situation to be considered IS that of r0
the bomb fro- the plane. It may or m=.- not necessarilT y
1 euced-ioy the crash environment, but includes the removing
of a fused bomb from the plane for any reason. It is not a
normal procedure to re-.ve a fuzed bor.b fro= a piano so It is
most likely to be an operation caused by a crash landing and
Influenced by that environment. The removing of a fuzed bo.b
fr- a plane Is disco.rajcd In bombs ualng the EX-200 fuze, by
the fact that the fuze Is easily removed. The remova3 of a
fused bomb Is a'. likely to take place In a s!tulation where it
is physically Impossible to deute the bom-b, such s in a
crash landing.

3.26 Table 3.1 lists th- situslions Into which the lire
history of the kX-200 has been divided for the Initia3 RAP
Analysis. It Is usually necessary to further define In writing
the end points of thm individual situations in making up a list
for use as a working reference in an actual analysis; this has
not been included here because of the uncert-.!n status of .hc
EX-200 design which makes It difficult and unprofitable to
pin down certain assembly and use procedures which had not been
filnry established.

23
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TAB!L 3.1

Situat Lon.

a. Storage, Handling and Transportation Oucside of Ordnnnce

b. Fusing

C c. Da.euxslg

d. Fused Bomb Handling

Se. Connecting Fused Bomb to Airpiana

f. On DecV Before Take Off

g. Take Off

- h. plioht

1. Normal Drop

R . etu~rn with Normal Laning

k. Return and Landing with Burg Ocd•n-nce

S 1. Crash on Landing with Hung ordnace

a. Crash an Landing with Normal Ordnance

n. Rendering Ordnance Safe or Disposal of Ordnance after
Crash Landing

, . o. awliing Boub

24
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S ITUAT ION DIAGR•S

4.1 Situntion dlagrans are full of events having 'robabiltiez.
There may be a crobability that the detonator is c:.crzenzi-
tive; a probability that a rotor was not Installed; a proba-
bility that sho•ks have broken a pin; etc. Somc o• These
events will be In series; i.e. sefety is not defeated unless
all the even's occur. Cthers will be In parallel; I.e. either
event circumvents safety. Situation diagraeq tnvolve - lot of
manipulation of the probabilities of these events an.d !n this
respect there are certain ruLes which apply.

beries - Parallel Events

4.2 If an event (?1) has a probability of success (pl) and
another event (F2) has a probability of sveces (p 2 ) and the
two events are indupendent, then the probability that on any
one try both events will be successful In the prcduct pil,2' If
the success of the operation depends on the concurrent success
of these two events, the evcnts are In series. In this cnse,
the prolability of suceess of the operaticn is given by
p=plp2. But If the succes or the oreration depends on the
success of either or both of the events, the events are Inparallel. The p tabil1.y of s'ccess of the operation is thengiven by: p- 1 -q,92 where q, and q2 are the probatilities of

failure of the event=. i•nce qll-pm end q2 =1-p 2 , the
expression in ter•s of successes iss

P- Pl+ P2 "P1P2

4.3 As a very simple ex--p",e of series events, asstoc that
the successfL-! operation of a fuzu de.e•nds . the flr•ng 0
the prim.er and arming of the rotoý. If p1 is the probability
that the prIzer will fire and pp is the probability that the
rotor vill be In the arsed position, then the probability t~ttn
fuse w'll oTý-a-e lb plp2, if we assume a very bad enr:s ice
train- with rT1 (.7 a.d p2 10.7, the proba"llit) th.'t It'.- tre!.U
wll ccratc is 0.49.

27
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4.4 Hedundancy In exploive trains can be u-sed to 111-str-:;
peralle2 events. A-sm,- tl•.t a f'ze contains tc icenttcal
pvirnt-rs, efthe7 -rc . hc can at. . Lhu~. ex!rlo~ivez, and
thet these prinrs eac: r'ave a 0.7 p"nbn1.•y1ty - oerat'Ing.
:he pro'%.b1ljty that var. or both o' tre prlners ý'v. operate
Is 0.?+0.7 -0.49 -0.91

Di.aeras o$ E'z~ents

4.5 The examples given have been very sinpile. In zituations
the events can eeccme cuite complex and conbinaticns of series
and parallel events exist. Graphic representations are used
to show the relations and sequenzes of events In the situatiOn.
These are called situation diagrams. The vcr" s•nple dIagrans
of two events in series and two In parallel are 61ven by:

S--series

Sp-lp2

parallel
- P=' P1+ P2 " PlP2

In the above diagrams. the event P1 ha.s the prebability of

occurrence P1 and the event P 2 has the probability of occur-

ren*e p2 . The events are indeperie't; :.e. the occurrence of

S does not change p2 etc. An example or a serles-earallel

combination or events is given bys[P

An expression for the protability or success .nere :,a eveats
are mutually i-dependent is obtaincd by breaking this Into
parts. bince P, and P2 are in .aries as are also P3 and P.,

and P5 and P6, we can set doan ne% eiagram:

C. .
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By this notation P1 P 2 Is an event for--ed by conblr.'..r the

events Pi and 22 and it Mas . probability of suc'!ess pl p2.
Mow pIp; and PIP4 are in carallel and the probability of surnft.

through these pathz is:

PlP2+ P 3 P4 "p 1 P2 P 3 P 4

However, this is in series with P5P6 , SO the total expression
becomess

(P1P2+ P 3 P 4 -tIP2P3P4 ) P5 P 6

and expanding&

P= PIP2P5P6 + P3P4 P 5 P 6 -PlP2 P 3 P 4 P5 P 6

A =ore detailed discussion of the manipulation or these proba-

bilities is given in Appendix A

•;ross Products

4.6 It was noted that the expression for the probability of
success when two. or morc events are parallel conteans cross
products. If P 1 and F 2 are parallel. p is given bys

"pI+ P2 -Pl P;

Here plp2 Is a cross product. if P1 , P 2 . and P 3 ate parallel,

then

p -- pl+ P2+ PA "P l P2 -PlP3 "P 2 P 3 r PlP2 P 3

sere Pl2, P 1 P 3 , p2 p 3 and p 1 p~p3 are all cross products. The

signgficance of the cross ;roducts may best be explained by
usir4 the sinrple example of two parallel events in which the
success no either event =c--= the success of the operation.
The expression for this Is:

p =P!+ PZ -;IP2

IThe probabt-litles ;1 and p2 are associatee with events P1 and

P2. Since success de~ends on the occur.en e -f Pl or P 2 or

both, the :.:uation Is represented gzarn.cp.ly by 11C.
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icr this -xanple, Ae can !za-.!ne that the area. bounding el -.A

i2 are scaled to the .Protabllitles P. ,.1 d P.; i.e. ,>pip/P,'p 2 .
!he total area enccmpaszinf, P, a.ld P2 Is the nrobability oi
surcess. however, it Rill bc n-tcd tnat the area otLtain-, by'
adding p, =r-d p2 is too large by the a..ount p1 p 2 . :he cross
product PIP2 appearing In the express~on papl÷ r 2 -1'1J2 is
therefore a correction for the siultaneous occurrence cf P1
and P2 which is one success and not two. it is also inter-
esting to note that when events must occur slsultaneously (or
In series), the only useful area t• that bat-ndin. p!P 2 .
F*g. 4-1 helps to illustrate why the probability of succe•s,
tends to decrease when the r.ber of series events !ncregses.

4.7 The protability of success Involving three events =here
succezz de:ends on the occurrence of any or any ocbination of
t..e events is given by:

P Pl 2 P3 -PlP2 "PlP3 "P2P3 + Plp2"13 -

The "plus sign" associated with p1 p 2 p3 i not i-dlately

obvious, but Is easily explained by Fig. 4-2. -he sum
P3+ P2 + p3 includes the area z 1 p2 p 3 three tn.es. The three

corrective terrs plp2 , pln,, and p 2 p3 each conta'n P1 p2 p3 , and
slrce they arc s sbracteS, they :f•ectieely remove the area

L2 t since the sitrultaneoms occurrence r.f the events
Lq' P2 and t', is a success, the prcbabhlity plp2 p3 rust be

fnerl,-d.ý-. -.t t -S therefore added. The cross product terms of
four or core parallel events can be anal,--ed in a sM le12r
Kanner.

4.f in the co=plicated series - parallel arrangecmnts or events
Nhich characterize a situation diagram the cress prolcct terms
becce very difficult to handle. 1heL- •nportance !.s evident
when the nrobabilities involved are fairly large, as Ln the
example elven In ra:agrarh 4.4:, 5%t the .AP Analysis ccncu:rs
safety failures and accident probablllt, ,and therefere d..als
witn prctabilltles which are relatively =!Ml. Fore .e
tl.e missicn of a rocr, ar..ing caused try shoe?:b, •r--or

n!t-.!; •by static electrIcity, etc. are events .fhich eccur
relatively l-rcrue,-tly. Probabilities of 0.1 wou:" le ler,-
for such events. Values of 0.01 or C..1 zould ..-. -- :arl#
rcrresant 1'-e exrecred r.-.n~e. .hen the pr.=ary v'1  ;.rc so

Cc:-FDZN71AL



sL.3lI the cress~ -ro.attc tecrne eA~eeed~f*V_ ' If' -.',o
perallcl •eents t-ave etual rro'-ýIl!tlc-s cf cceu-rr.r nof !C',
for practical .-urpces'tt !s lust 3r .--anneful to stcei. -f 1.'e
e ' -blined r-cbzt!3t as 2 a 10Cý rato,:r t-an l9'1 i I-.1,CO..
in rest oases in the flai- Ana'lysi s, the c:'.-s -,:ducts Zt:
•-opt. ir t.;.s were riot *re, tVe srl..•:,, as .resented here
sould becot, toc nr.vclved to oe prac.t.ca.-

4.9 N;o de•inite rule can be ;Iven reardinr the dreprin eCf
croess "-lduct terns. In general !t Is desirable to neglect
theta entirely since this r.akes th6 analys!.r .uch si.lkicr.
.hen this is done, the final answer will be correc t 4t Z5

rounded off before the cross products have -- effect. 1. those
cases where it Is desirable to car:y figures I- the os,,zer which
are of the sazer iagnitude as cross product terrs, tnere is no
alternative but to include the sgnnificant cross products. This
prcblem will be discussed further in Chapter 6.

57mtols

4.10 Since the diagrams nay contain a large number of events,
nomenclature can become a problem. In gazes or exrerlments
where thed outcome is elasscd either as a success or a failure,
it has been custonary to associate "p" with the rrobab!lity of
success and "q" with the probability of failure. The .40
Analysis is concerned with safety failures, and Zor consistency
it right seezz reasonable to use the letter ýI with appro-
priste subscripts to Identify al3 events and "q" with ap.ro-
priate subscripts to idenIfp 32 zr•a .. ies. However, it
has been foun- tnat in conplicated situations the subscripts
eec.cre unwieldy and iffer little clue to the nat:ue cf the
e:ent represented. The use of a series of letters has proved
nore satisfactory.

4.1 In a situation the probability of a safety failure of a
device is determined bys

a. Influences of environ•ent
b. Chara--teristics of auxiliary rechanlsms and Star
c. Tne characteristics of the dev.ce itself

"* The accident paths In different situaticns are also In
rroalle! rith each et.o'r- .•.._•et of cross Products tot- :en
situatlor.s Is wut.flable, hozevar, because if the n.r-,r of
accidents in .any one s

4
tuatinn Is large encagh t-u -cduce a

s!Cnlftcant or- rroduct with the eccdcr.dt rrcebciltU••- In
anot.her sit--ticn. the design Is so unsafe t!,&t Jt .-!Il rnave to
.e revised, thus .- llne a very close RAFP L.i -alue of cnly
acadeq=! .nt -'et.
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In general the unvircnzent exerts forces on the device er ýa
the auxiliary gear wh.ch tend tc defoat sa•ety, and the

-spvnse of th.. dc•-.
4

cc or.. auxi'lar. r,,.a• dveuvd ur-.n their
characteristics. By this reasontnS, there is a lc.lcal breik-
dorn which can Lv uWed t. advant-ge In esteblishing nonencla-
ture. Than, by definitions

K with appropriate aubscrlpt winl denote the existence
of a dangerous echanical .nfluence (sich as snock,
crushing, etc.)

S, with appropriate subscrint w'31 denote the existence ef
a dangerous electrical influence (such as static e~cc-

!. triclty, aF fields, power !.ines, etc.)

j 0 with appropriate subscript will denote t?'e existence of
- a miscollseouas dangerous Influence (such as fires

chemical, etc.)i
4.12 Wilthin the device or auxiliary gear a safety fatlurc will
depend on the fault, failures or isssaio or some component

- and/or the proper or near-,roper functioning of other compo-
w nents. Therefore by definitions

p with appropriate subscrIpt wts. denote the proper or
near-propor functioning of a component in the device.

4 with auproprtate subser'pt will denote the failure,
fault or calssion of a component In the device.

SA with appropriate sucsorlpt wlln denote the proper or
near-proper functioning of a component in the auxili.ry
gear.

5 *ILh appropriate subscript will denote the fault, fail-
ure or omissicn of a com•onent in the auxiliary rear.

One sddltlcnal factor which wiII no-d con.sideration is tf=l.-%
t wIll frequently rappen that certain events will lead to a-

accident only if thcy occur in a particular order at a var-
itcular time. This frequently decreases the chance or an

acciden•t. Then by definitions

T witn appropriate subscript will dunc-te the occuricnee of
a neces::ry order or other tizine of events.

32
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In the sense intended here timing will of necessity bee-,me an
event. it Is not Intended that this tinIng shculd be used to
adj'•it var71nj duratiovs of s!tvit!ens (su.h as 10 ye'ir.
stozage as opposed to 10 seconds falling). As mentlcned In
peragraph 2.A the duration or situation: is considered wlen
probabilities ere assigned to the event- .i, is not a simple
Sultiplication factor since the environment and forces involved
are so different in different situations. The timing which will
appear In diagrams as the event T will be concerned with the
order of events or with a restriction on tine in which the
event mist occur. For example, If an acc~dent can occur if
event A Is followed by event B hut not if event B is
followed by event A, t-ha the only accident path Is A
followed by 0. This order is in Itself an event. ;;y incr,-
ducing this event, T, the importance of the -rder is recoa-
nixed, and later in the analysis when probability values are
being assigned to A and B these necd not be complicated by the
necessary order of events. As a second exaspli, If evert A
mast occur during some normal function of the device (such as
during the burning time of a pyrotechnic column) the restrIc-
tIcn on the time during which event A will contribute to an
accident wlln reduce the p: ohability of an accident by this
eans. Again during the assignment of probabilities It will

frequently be much easier tb assign a probability of
occurrene* to event A without considering the effects of the
time "estriction. The timing is thon a separate series event.
This ptrcess of simplifying events is 4iscussea further in
paregraph 4.15.

4.13 To the events N will be assigned probabilities of occur-
Lence m; to the event= Z will be assigned probabilities of
occurrence e; ete. Upr.r case letters revresent events and
lower casA letters represent the probabilities of the
occurrence or these events. Tc Mllustrate th's, the path
P 2 04 representing two series events p-l1 have a probability

4.14 The nomenclat-re outlined above orovides the advantage
thx.t in the dlaLgram it is possible to tell at a glance If the
evnt occurs outside the ordnance system or, if within,
whether it In in the dev.ce itself or In the suzillary -car.
Te symbols are much easier to re.eaber because the sub..ripts
-o not beco*2 so unwloldly and tne letters immediately
associate themselves with tyres of events.
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Proparinp a Stituation Diagram

4.15 The complexity7 of a dlagrc's AP.e.As to a g:ettt en-!crl o
the complexity of the device being analyzed and the desires
of rTh analyst in reducing events to simple form. The analyst
plays an important part for ho =1s; balance the -Inclusiveness
of his event, which If too Inclusive makes probability assitn-
rent very difficult, against the complexity or his diagram.
For example, if the analyst defines MI as the event that in

the situation shock wnll break a detent which, if properly
aligned, wll fall free pereitting the firing pin to strike

Sthe primer which fires and causes flame to Impinge on the lead
because the rotor Is absent, he is well on his way toward
arriving at a very six-ple diagram. But his troubles will arise
when he tries to assign a probability al. If, on the other

t hand, he defines trl as the event that shock aill break the
Sdetent, P1 as the event that the detent is in a particular

orientation, ;l as the even." that the rotor will be -nislng,

Sand P2 as the event that the primer will initiate the le.e, he

Sis gcrn to have a =ore complex diagram but will stand a good
chance of I-aviyg figures on which to base his estimates or the

- probabilities. In general, it is preferable to simplify the
Sindividual events at the expense of complicating the diarram.I

S4.16 It Is felt that the steps Involved in preparing a diagram
.re best rcrtrayEd by the use or an e--bnple. In C!,artcr 3 t.o
z -leotric BcMb •F•uel-2= 0 was described. Cne or the situations

S listed was "normal drop" (situation "1"). -1 diagram for this
situation appears as Fig. 4-,. This diagram will be developed

. stcp by step to show the thought involved.

S4.17 To reconstruct the situation brieflyg we are concerned
Swith a bomb nused by the ilectric Bomb Fuz. aA-2C0 which is inSthe aot of b6ing dropred on a target. Although it Is trze

that the bomb may drop from an internal rick through bo.-.b bay
doors or =ay drop frcm an external rack, those are. considered

i sufficlently similar to be included in a sLiglq situation.
Tte act of releasing the borb recoves all safety prcvided In
the release gear; I.e. the switches which rrevent c.',rges from
gettI.%o in:o the fuze are wur-ocaly closed. A cartc !- !z..
co the erndensers in the fuze and the e.r'ne cycle !; auto'at.-
o .lly set in notion. Fren the inst.nt rof r.-c ur-- 2 ntZl :=
saf. seraratton of bomb and -.l.ne is realized: -. e -•.ne ;s
in aanger of being Aestrcyed tr daraged if a nre--*.are
explosion shCUld ecur.

.4
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4.18 Fro: the instant of release, the tine to conplcte erring
depenc; uron ryrotec!.nic and ,C dela>s in utbe ruze sn hog
these =ight tave tiwr, aff.cteJ b'y rrev1os, ýnv "'.rin'e .
iLuz.... ac .. ,u, sie.vely =Ore dangerous or more Mlieoly a-d
ca•able of ie.:., Initiated as a ninctlnr. ,f time. Cn the
other hand, the airplane Is less 11,;0:- to te destroyed or
dairged as the dlstý.nca beteeen b-oab and plane Inoreases.
"This 1istance Is a functlin of tire. It is necessary to
strike an %verage somewhere in the tine or space when the
plan2 Is in danger. This is done by the cloice ef severity
factor, I.e. the cost of the ccijegL Is taken as some
fraction of the value of the airplane.

4.19 In the inte-val during which the bomb is within lethal
r4ane, what eou. go wrong? ý1.at events could cause a pre-
mature boob burst? The answers to these tiuestions mill be
found in the accident oaths. The accident paths will cc:.inc
to form a diagram and from the diagraIn a relative accident
probability or probability factor can be obtained.

4.20 In the descrIption of the operation of the fuze it was
noted that: (a) chargmng is accnoplished through the bridge wire
of a 2 second actuator thus initiating it, (b) the 2 second
actuator operates several switche-, one of which supplies
enerey to the 4-112 second actuator, and (c) the 4-1/2 second
actuator turns the rotor, thus cemnleting the arming of the
fuze. Cn the averaget 6-1/2 seconds is considered to be
sufficient time for the bomb to fall to a safe distance, and
therefore situation "I" Is def:ned as existing for f.-1/2
Sceonds fron the instant vf bomb release. In the physical
description It was pointed cut tiat the primers; and actuators
are located in a plastic section which also houses th, elec-
tronic components. The rotor is in T. casting which fits belol;
the plastic seeton. Let us a-rumv that in operatling, the
2 second actuator develors too much -ressu.e and ruptures the
copper bellows and that the hot Cases thus reloesed Initlte a
nearby primer. This event %e will call P2 . Let us further
assuce that the 4-1/2 second actuator =as Initiated sruricusly
at aoce cnrllcr t!.e and was able to 2ffect rotor armine
because the rotor locl. shaft "as short or missing. These eve.,ts
will bc called 04 and 1ý12" :he three events in series wIll
nean an arccient. hc..c.t1ca2ly this accident cath 1".ks like
thiss

35



coN:F .i2ECIA1
IAVCRD REPCRT 4135

4.21 At first glance this accldent path appears to be far-
fetched. Thera Is good likelihocd thz: It is, Wat this is
3c=thing that %!!I core ouc when p.rot-blitty valiu.3 are

€ assigned to the events and conpared to other paths. In setting
adtn accident naths Cor a situation diaream. it ie alaazs

,!f y e to repress the ur-e to 1-te
1 

the rat- i- .neonse-
u or absur, and therefore not worth consiaering. but

S1with the further consideration that a safety falure ra te ot
S' not more than one In one million is a cal in fuze design, It

becones evident that an accident nay be -n itself very
Improbable. if this goal is to be realistic, a lot of Individ-SUal paths containing a lot of crazy coltinatlons of events will
have to be considered seriously. :ferefore the path which Is
a "most unfortunate" combinazion of "highly improbable" e•cs¢•
must not be Ignored; added to nrany -re like It, it contrib-

r utes its bit to an accident ýrcbabillty of real propcrtions.

A 4.22 Our first event P 2 9 resulted In the firing of a pritmr.

S*41th the primer firing, there are ways besides the previousSactuat!on of the 4-1/2 second actuator In which the fuse safety
could be defeated. If the rotor had never been installcd
(event (,), the primer woulC fire directly at n lead. The

.. firing of the lead by the primer we will call r,0. The two

•+ paths combined look like this:

SCbvictasy there are ether ways in whict the safety s.'p-rlied

by the rotor could be defeated. The pri.mer could fVre the

Slead directly even with the rotor In the inar--ed pCslticn
e: 'rail, or the primer could fire the detcsator in the unar=ed

rotor (PO) and this c•..ld fire the lead (U9). It .s asi-bl-

that rough treatient and Uandling could have 1braken tho sheAr
S-,erm- tnZ the rotor to trrn to the ar.ed pcsit!en (r.)

or that the shear wi.r. was rever vresent. and the rotor worked
Sitself into the aoued position (;,7). Ccablnng all of these
•. gelves the fcllc--Ig portion of the final didgra.:

36

m ........ A



A~ 
4

4.23 All the paths whicn have been listed so far !%:v. started
with the event Pq that the-2 second actuator brcJ- It confine-
ment and Initiates a primer. There arc other ways =I bl:!ch
the primers can be initlated. Xhe priners have high electrical
sensitivity, and although the fuze circuit is destinee to
isolate the prim-rs aid nuncrou3 electrical checks are made
ouring assembly t^ preclude wtring errors, there is still a
possibility that bad wiring was mlsscd co that susequent
treatment induced a fault which would permit tt-e eharg!ng
-urrent Lo f-ro a iprizer. These an! other cons-Iderations,

such as shock, ae F. Induced current, etc. arc included In the
event C1 that the priner Is actuated spuriously. Since t]e
event C1 associates with priper frinn, i It -aMl be fc!icrcd by
the events previously presented i.vcl-ing defeat of the safety
rrovided by the rotor. As a second :,art of the diaCran, we
have:

ICEe

ýhe result of a cCnti-unltcn of this rrcceLt ;4 ,Ivn !.n
Fig. 4--.. -. e c1. .etc a.n-caring tn this f.•Z:4rc ar-- -.xined in"able 4.1.
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4.24 LvenIts having probabilities which are nearly eaai to
1.- are e.aitt.,d fron diagrans. it ccrý.Inntlvn with tl'e -an:.
sraji protatilities of :rents which usually make up a path,
U.-ba large probabilitifs have very little effect on the vriue
of the final anzwer. Furthernore, bince in =ost eases th- has-s
for estimates of valucs are not go-d qnc-u;..h t:.-'."a, lepartur.e
frcn the u~e of a Jecdaal syste:, values such as .o.8, 0.9 etc.
woulId generally be carlred at 1.0 and wlli not change the pat!"
value. For exanple, in Fig. 4-3, F2 is theevent that the

2 second actuator initiates a primer. Lltl:&.h this event Is
considered as the start of the path, there are certain things
which =st occur before the actuator fires. Svitches s-st
close; power -ust be available. Vone of these are certainties
(i.e. probability equal to 1.0), but since they are invov-a
in normal functioning, these prebabilIties are rrobably of the
order of C.9 or better. Because these events ;:.ave so little
effect on the path answer, they are =Itted or tacitly
I ncluded in other events, thus simplifying the diagrar.

4.24 It will be noted that In Fig. 4-4 there ara numercus
duplications of events. For exavTple, r4 , f7, P9. Qg, Cl, CC,
and TIC appear four times; (j, 4,11, and U appear three times,
etc. In the final diagram, it is desirable to have no
duplications, for an event is discrete. Ft.rther.ore, dupli-
cations tend to increase the difficulty of determining the
valia cross products ahichapply to correct th- answer obtained.
However, the preparation of a work sa tet, such as Fig. 4-4
With Its numerous duplilatitns, :s a .-- ¢cmaended step In the

S preparation of a diagram.

4.26 Experience has proved that the following stevs are Lest
suited to the orderly preparation of a situation diagram.

a. Step 1. Accident Paths. The first 3tcI in the prepa-
ration of a diagram is to set down individual accident paths.
At this tire it Is wise to disregard duplication wh1ch is

E occurring so that full attention can be d'raated to nIn nature
of the events and the factors which affect them. At no other
tize is the devic itself under -reater scrut hti. It Is
;Sc-turcd in. thc 111;h~t of experienice, aided by Ina,'inl Tvn, In a

S situation and the events which could lead to accidsr.ts nre set
coan as they core to mind. The result Is a xerA sh.et s•e-
thin! l've Fie. 4-4 At this t-re any concern rýgardlne t.he
S!nal aprpearance of the diagram is apt to detrict frc-. ti-
'zthc-cht with -hich each path is ccnsldered and reud'ce t.•e cos
exercised In exrlorine all pcsslble avenL•-.

i crl~'2R3=



b. Step 2. £vstenatle Co'bZnIn. step 1 My :Lrýult In
littlc s~s.e= or order in the -ay the acedent *ath, a.*e
listed. -ter. 2 .- rureyv ,ecl'rni-,1 and invcilvr n-le-ine
and co=bin!nZn raths to reduee duplication and :he size of the
dlagram. It aM:1 vsuully te fcun- that -ne In!tiel event
will lvad into a numt*r of othor eventý 't that the paths
tend to branch. This is !!lustratcd in Fir. 4-4 shere the
initial events are not repeated, as they wel might be in a
first nork sheet. ;aencvInr duplication In Initial events Is
actually a part of step 2, bit it usually so sin.-le that it Is
done In step 1 without causine any distraction. denoving
-;'lplcatIcn'in later events In the accident math chain requires

a little more mani•plation. Figs. 4-5 and 4-6 illustrate
stages In the process of ccnbintng paths. It wMll be noticed
that many duplications have been rercved In Fig. 4-6 end that
only k1l, C1 and 05 are duplicated in Fig. a.3 which is

considered one -of the simplest practical dlagrams for this
situaticn.

c. step 3. Asses sIn upl.cation, It is often difficult
to reove all duplications cf events and come up with a
dIagram which Is easy to follow. In Fig. 4-3 durlcat•on has
been permitted to remain because renoval would require ccmpli-
cated crcasing lIn.s and ofherw•se modifying existing rules
(which will be discussed later). liunlIcation Is urdeslra!*le
occause In the full expansion of the terms it will Introduce
terms which are incorrect and, In the rigorous sense, non-
existent. Rovever, in the prsctical use of the WAP Analysis
It is qUite unlikely that these terms will affect the usable
part of the prebability factor. In the event there Is a
qjuesticn, It is always .- tlble to --rlte down tho terms and
determine where the incorrect pro.fets affeot the answer.
Guides to writin, cross !,rnchict terws wiill be found in
Appendix A.

4.27 U4ien dvlication is aslcxed to remain, it :- a-:t.sab•e
Sto note this on the diagram as doae c FIr. 4-3. This =mes

the probler or ricking cut aprroprlate cress preZUcts
considertbly Pasier. In the nora Ccr:r:catcd .aegrems a
reasonable arrunt of hgen- of lines M1•tll .c.eve =I'.
duplication. The balance btwecn opt!-um trse-tn, and
&4;jiitjI 1. iw ~ u 0._ -ucgxent. :con rucr rrwe ~n. -a~es

the diagram extre-nely herd to follow. Too mach dmuch ,-.n
leads to !nuccuracl-s in the study of croas :red,'; effects.

4.2- it *ill be noted that &!I tnc iVnes ",ninr Ziffecr,nt
iv-e.l in t:.e diagra= of Fig. 4-3 are sl:..zt ,. iheae sla-'-.'..-
lines scrv ; rar:iclar uro. - :.:e.!.re n.
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frcr. left to ri?]it. -n .il•circ. 3n aceWen, -att -, 1:
ur.1! "•- to enter a zlant!ne line r..!ded this !n. s-:

Z:vuý rotion to the r:iZ;t. -h!s Is liluctrated 1r. F•.' -
vore o note that the -ath P;.. tstiroles the rcc.uirertn',

but the CrAth P60. wýAII1 c'!.r avr-

slanting line. aeferrinE to F'g. 4-4 re cee that ?Zl4 !s a
valio .*,h, but P604 is not. If the line :olnlnC thvse t.,

rorticnc Of the diagram had been draan vortically, there zould
be no way to mnko this distinction.

4.29 The events whlch makae up a situation liagra, are usually
a mixture of independent events and mutually exclusive event-.I Independent events are tnose which can occur indc-cndont.. rf
any other events. One independent event does n-t oreelu:de
another; the two can co-exist. For exanpIt, in Fie. 4-3,
F3 and (.4 are independent for all practical purpcses. The
actuation of a orizer by the actuator is considered to LuS eo=pleteol inaopendent of the closure, of the reel switch. jheseS independent events give rise to cross products. The ;rcduct
P3 pq 4 exists. :'Utually exclusive events are events which cannot

S cc-exist; one event preclu.aes the other. In FIE. 4-3 .9 and
- PS are mutually exclusive events, i.e. the event that the
S primer fires a lead with the rotor In the Aafe position dc.s

n ot exIat If the rotor was never installed. AInco the cross
product Is a correction for the simultaneous occvrrence or
events (oara.raph 4.6), mutuall* enclusive events do not neve

S cross pr,)ducts. iowever, there Is a factor link.ing the
xutually exclusive events. If we consider the probability 1.atS the rotor is absent and the probability that the rotor Is

! • present, it is apparent that these two rust add to 1.0. in
assIgni-Z probability values to the events In Fig. 4-3, itS should be realized that the value of pc shcid to ipl!cs by

S 1-c 9 to correct for those times when the rotor is absent. B-.t
the value of l-q 9 Is 0.99 (Fig. 6-1) and it :ontril-ites nottir.

S to the ansncr. It will usually be round thzt this factor can
be otitted because It is too great a refinement for the sýstez

r 4.30 In practcee the de=arcatlo!, between Independent evcnt:
A nd -'tudlly exclus3ve events Is usu~.1y not very clear. in

S t;he exarle given in the last raragr3ph, it cJli be ar-."ý
that the firing of a primer night create dlst.:b .-es -h~ch

S coal'd influence the closurc of th- rev-- .ait.ch !" "•uz .?he
. two aculd not be truly inderendent. Ln general -! -!cn

C JaL



diagrams do not a¶ rtto c'ztlnguiro be-te~ n.t.dr
even~ts and nut~zac2 ecxunsivc events.* 1 has been fLufld nore
profitable to 3cnz--.dtr z*-ese rroblers --hen tnc effects of tne
' arger c-r,ss rro'hcts arv b!.nG assessed. Thts all

1 
bef o:a-

cuaa~d in aetail in Chptr .

4.31 In sz~iary, the £ltust±"n d~agran. 1z a Itranhlc prczenta-
tion of ti-c accident paths so arrang~ed ti-at lndividuzd rttha
are clearly discernible and the relat ions of paths to eaah
other are depicted. It is a map rf the routes ttread?. s..ieh
safety can be defeated %.hare each event Is id4ent~fied by a
symbol having an assigned probability vAlue.

*ir vary lz!plc dlagra~s a cynbology !Las been:, used to
*note the dlftoran.ce boiveaen mnacperlant and m-utually exclusive
*events. This is Illustrated by the, followt!n, exanpile.

>.~ - - - ---

A and B are mut.:ally ýxcu:Ive, and to faznlty this t-' !r rat's
arc jo-!ned by vertteal lines. rerniss~llo =otocn on the
vertical lines *ý Ird'rated by a~rcus. C and :, 3rc alloe
=tua:,. axcalsive. The equation for tntt slnr-:c clagrr is

* (a+ W) (c+d). In. this 3oi-erc event.; i re d'rntt
iruid be jo~ned In :%e ncomnal ranner b-y c.nl lns
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IASB k 4.1

a-Nk'-'T D--_n .. Z.

S•t-atior "I" - h,,rn-al Lrop From
bomb Aeieaso to Safe .epdratlon

brent Mytbol Eveal. Definiticn

e N4  Rough handling =echanIcal!2, ar--' rotor.

S 01 50 ms or Instantan.'cus rrimor actuated spuriously.

S04 4-2/2 sec. act':ator U2) -puriously lnitiated.

0 A detcnator is sauriously Initiated.

S P2  2 sec. actuator (A,) initiates a priter.
9 P 4-2/2 sec. actuatcr tA2) Initiates a primer.E 3
F P 5  P.r-er ,lrc3 d-tnnýto. - rotor In -sre position.

P62 see. actuator (A,) fires a deton.ator.
°P, 4-1/2 see. actuator (;6) firts a detonator.

I'r=er fires a lpaA-rotcr in safe pcaltlcn.

SP 9  A detonator fires a 2ead-rotcr in safe position.

P10 Primer fires a lead-rotor absent.

• PI 2 sec. actuator (A,) f!res a 2cad.

P12 4-1/2 see. actuator CA2) fires a lead.

! P1 3  4-1/2 sec. actuator (A2) fires lead-rotor absent.

2 sec. actuator (A 1 ) glives very short .r r.v d,&y.

Reed sw~tch I*% ist . a~eeu~ i~.-J1
closed or closes.

i ';7 Rotor arn-s tecwtuso of =5s1ni. shear-wire.

i (9 AOtor !s mis-ing tnever installed).

* 42
CCN-BiFiiAl,



!C,•J AL

TABLE ' 1 (Ccnt'd)

Event :'ygbol Lvent Befin!tlon

161 4-1/2 sec. a.tutor (A2 ) C"'.s very short or no
delay.

r.12 Aotor lockshaft short or =issing.

T8 The transform which ocrrecls for the nrcabk11ity
values of C!, C5, and "4 which are based uro.e
6-1/2 seconds ithe time In which a orez-Attre is
considered dangerous) to eomrurabic vziue.r fzr
2 seconds. The transform TP ..cccunts for the
fact that A2 has a normal delay ef -1-/Z secnnds
leavint 2 seconds for accident.

Ta The rransform which corructs for the rretnb111ty
values of C1, 05, and G4 which are basez u-on
6-1/2 seconds to c=pracle values for 4-1/2
seconds. The transfnrm T9 accounts for the fact
that al has a normal delay of 2 seconds leaving
4-1/2 seconds for accident.

T2O A2 a8-=! rotcr before firing pricer or detnnator.
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CH A P'; •

PROBABILITY S. IGNE:PT

5.1 Having obtained in t'e diagram a graphic picture of the
routes and events which will lead to aLQ•dents, tLit next major
step in the analysis is to assign numerical valuv to the
probabilities of occurrence of these events. tfi-hand, this
woulk appear to he a difficult task. This, however, is not the
case if the persons making the assignment have a general,
practical knowledge of ordnance and of the "situation" under
consideration and will earnestly seek knowledge obtainable
from the experience of others in service use of similar items
under related condltions. Also many quantitative values ca.i
be obtained directly from test results of the device under
consideration or of similar device:,. Only in part of the cases
will it be necessary to arbitrarily assign values.

S Arbit rary- As s._ignments

5.2 It Is realized that In arbitary assign mints, it is unlikely
that two people would assign *he same probability of occurrence
to a specific event. In the final results, which are generally
used only in the rclative sense, this may YraJle very little, if
any, difference if the individual values are selected on a

t comparative basis and consistency is maintain ed through cross-
- 1 checking of related events. If more than one person is

asaigning pr ability vnlues to the various situAtions, it is
advisable that those persons as a group review the values for

~ all the situations so that the assigned values for each of the
_sTuations and events are made en the same basis or from a
common reference point. Sources of information which may be

•r useful in assignng probability values are: iC reports on
similar service o:'dnance; statistical data from fleet oper-
ations; test and ovaluation data; and Acce•tan.e Quality Level
assignments stated in the design disclosure documents governing
nmanufacturo.

S 5.3 In assigning a numerical value to the prohability of the
occurrence of an event, it is desirable to use a decadal
s tern. That Is, the probability Is set CLURIl to 1 x 10~

where the exponent, an integer, 1Z the nutnmer to be ass1gned.
,This metnod has several advantages. It is relatively Casy to

decide or determjne If a probabillity 2 s nearer to ono occjr-
rence in 10 (10"'), or I in 100 (10 ), or i in 1000 (I0"),
etc., while in most cases it would be difficult, in z pre-
liminary analysis, to assign vu1.s .. th an accura'>- i'-ter
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than a factor of ten. Also, If the diaerarms are complicated
and lengthy and there are a 7.arge nur.ber of situat1orts, the
commnutations uecorne much simpler with such a system. After
the analysiý Ij complctead it is known which values are
,i~tcnlei 1r respect to the overall answer. Then these values

may be examined more cloLeAy and a mote accurate figure may be
obtained through further Invest1gatton, or as a re3ult of an
evaluation program or from other additional data which may be
obtained by increased effort.

Systematic Scheme of Assignment

5.4 In order to assigrn values which are as realistic as pos-
sible, it is necessary that it be done in a systnmatic manner.
Since the various events have been broken down into groups
(see para. 4.11 and 4.12), it is desirable to assign probability
values by groups rather than to Individual events encountered
in a situation diagram without regard to similar events
occurring in other situations. This means that it is highly
desirable that all of the diagrams be completed before an
attempt to assign-any probability values is made; the advan-
tages can readily be seen As values are assigned in the example.
On the other hand, no attempt should be made to guess in advance
which values are going to turn out to be the critical ones, as
this would probably affect and bias the accuracy of the analysis.

5.5 While it is best to assign the probability to an event it.
all situations at one time, it should be noted that the proba-
bility of occurrence mas cr may not be the same for the same
event in the various situations. It so happens that 01 has six
different values throughout the situations of the example fuze
while Q7 has only one value. This is logical since 01, which
is the spurioris actuation of tho 50 ms or instantaneous primer,
is highly dependent upon the environnent which frequently makes
different situations. On the other hand, C79 which is the event
that a missing shear wire allows the rotor to arm, is the rez-Ult
of an.asserbly error and has little, if any, dependence upon the-
environment existing in a situation. Other events, s'ch as "
which is the accidental pushing of the bomb release button,
may occur in a very few of the situations (3 in this an.lysis).

kxamrle. Probability Values

5.6 The assigning ef values may best be described by an actual
illustratien. For this step In the analy-,',. a work sheet like
Table 5.1 m"ry be used; the various situat c:.-s "re listed scrois
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the top and the events down the left side. It is advantaiec-s
to nave the work sheet n-.rl.tc -4 with il the events listed.
This makes it muvh easier to cross-chec.k the probability values
as they are assigned. For this exarple, we will work with zhe
group of cvents designated by the symbol 0. There are five of
these events as shown tn Table 5.1. in the fti'. event, 01,

'.spuricus initiation of 50 m.; or instantaneous primer) in
sttuation "all, (assembly, packaging, storage, handling, and
transportation outside of ordnance - this includes all
situations before the bomb and fuze are associated, from loading
plant to ship's magazine, to unpacking just prior to fuzing) we
will assign to x a value of 3. This means the probability of
01 occurring is one in 1000 (1/1000). At first thought, tht5
value or x may seem very large, but It must be remembered that
this situation may cover a lot of time and "ground" - from
loading plant to use.

E! 5.7 For the most part this assignment was arbitrary, but there
were some facts whtch could act as guides in getting the proba-
bility into the right order of magnitude. The most sensitive
wire-bridge primer which has been produced in large numbers is
in the class known familiarly as the VD-24. Total production
Wf this class of primer fcr fuze and other uses runs well into
the millions. The history of use of this primer is spotted
by unintentional actuations, some of known. but many of unknown
causes. Although the records do not lend themselves to easy

� determination of the rate of accidents in fuze assembly and
handling it must be assumed that these operations had their
share, because of the fact that numerous stories of snurlous
actuations of the ND-24 primers had come to lightsi was felt
that the rate must be somewhere between 10-4 and 10-k. In the
face of the stories and reports, it did not seem reasonable to
assume that, on the average, more than 100,COO of these primer

ould be assembled into fuzes without-at least one accident.
The primers used in the Bomb Fuze EX-2CO -ze about 20 tlrnes
mcr sensitive to capacitor discharge than the ND-24 and about
twice as sensitive to direct current initiation. Tt must be
assumed that these primers would be involved in an even grcate
number of incidents. For this reason, the value of IO'3 was

iasilgned as the Prcbability that the instantaneous or 50 ms
primer would be spuriously initiated.

Z 5.8 In the sec.ond gvent, 02, the same value (3) is assigned
si since this primer is similar to the other two and has the same
"7 sensitivity. In t>.e third event, 03, the actuator is more

Swlsitivet or more ajsceptIble to spurious initlaý.ic tan the
primers; therefore 2 vilue of 2 Is assigned tc x (;'O. . In

"52
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04 the value is the same as C3 since the sensitivity of the
actuators is the same. In 05, since the detonator is ,Act as
sensitive or sue--ce.tible to srurious Initiation as the
actuators or tho primers, a value of 4 is assigned to x. This
and the preceding paragraph have illustrated the process cf (a)
determining with the best !nformation ava.ilable a reasonable
value for the occurrence of a key event, and (b) using this
key event as an anchor point reconciling the values assigned
as the probabilities of other related events.

5.9 Now we are ready to assign values for the next situation
which is Fuzing - inserting the fuze in the bomb. This
situation differs from situation "a" in that the time required
to remove a fuze from its container and to place It in the fuze
"well of the bomb is only a matter of minutes for a normal
operation. Thus, any occurrences which depend on time will be
minimized. Also, a fuze which has been removed from its
shipping container n'!i be handled more carefully than one In
the container. The following values will be assigned; 6 for
01, and 02, 4 for 03 and 04 and 7 for 05. Situation "c" is
concerned with defuzing of the bomb for any reason. The
probability values for the various events In this group are
considered to be the same as for situation "b". In situation
"d" (handling of the fuzed bomb), the handling of a fuzed bomb
will be even more careful than the handling of a fuze; the fuze
is more protected and it is less likely that the fuzed bomb will
be dropped; therefore, higher values will be assigned to x for
the events in this situation. The assignrent of numerical
vulues for the events of ither bituations is done in a similar
.manner.

5.10 For events such as Q7 (missing shear wire permits rotor
to be in armed position .rrior to operation of arming actuator)
which are a function of the initial assembly of the fuze, the
value will logically (at least as a ftrst approximation) be
the same for all situations considered. This prebabl.ity is
typical of many in that it can be further broken down into two
series probabilities. Cne is that the wire is missine (from
omission in manufacture in this case, since the design of this
fuze is such that it will not fall out once It is in place)
and the second is that at any particular time the ,unrestrained
rotor may be in such an angular orientation that it will permlt
fire-through. In the assembly of the f'ze the atsence .z the
shear wire would, under rules nresently 4n effect, ba con-
sidered a critical defect and therefore the Inspectien cf thtz
part would te more thorough than for some '-thor part rf the :frz-l
Also, the -Othod of rotor assembly givez . 1' assurance that
th- shear wire is not missing. .n:ti.:et-•ts c'f the
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frequency of a missing shear wire durl.Z manuf';ct•nre ?rate
ranged from 1/200Q to l/iOOCC. For this example w'e -:.ill say
1/4600 (1/4 x 10-i), whibh seenns Luite realistic. The rotor
serves as the interrupter for the explosivre train nnd rb"rl.ng
the arming period it rotates 90 db re-s from t",-.- .narrmed
position to the fully armed position. However, the explosive
train will reliably fire-through when the rotor is in a po-
sition 28 degrees from the fully armed position. (This is
determined by explosive train reliability tests in the labora-
tory.) Therefore, if a rotor were not restricted in its
rotational movement and there were no unbalance tending to
orient the rotor in any particula: attitude under normal
vibration or jolting, a random distribution of angular dis-
placement might be assumed. Under these conditions it could be
said that the rotor would be in a fire-through position 25/90
of the time. 'However, since the rotor is unbalanced and has a
tendenfvy to remain in the unarmed position during vibration or
Jolting when the fuze is in the vertical, booster-dcwn posi-
tion, we will say that the rZtor w.ould be in a fire-through
position 1/2 x 28/90 of the time. Thus, the probability that
a missing shear wire wi:J,1 result In ap armed fuze is
1/2 x 28/9C .: 1/4 x 10- or (3.89)l0'.* Putting this into the
decada*.4tyer,, as explained -In the following note, we get
1 x 10-4 which will be used as the value for (7 in all situ-
ations.

The rule used for "rounding-off" in the dec.d-91 system
when an actual estimate of a probability is given is determined
by at least squares criteria in the logarithm of the proba-
bility. It ps as follows: The given estimate is written in tho
form K x 10 , where x is a positive integer and lK< l0.
Then, if K is less than 3.162, the estimate 4sed in the analysis
is !iven as 10 "x. If K is greater than 3.162, the estimate used
in the analysis is given as 10"x+L. As an example. If an
estimate were given as .000273 which equals 2.73 x 10-1, the
value to be used in the analysis is 10". If the estimate wereI given as .000367, the value to be used would be 10-3 since
3.67 > 3.16. in an analys2.s of this type where products of th•
individual terms ar.t the end result, this form o7 ro~unding off
v.ill result in the least disnersion of the result fror. the term
value.
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5.11 ?or other situatfcns and for other Crnvps tf e,.:its,
the values are a-:igned in the same ra-innr. -n :his a:,•is,
a vi!ue of °' was th. largest aIned. it c-r be seen ,in
Chapter 6 that a hMoher value of tMe vx-'nent would nave very
ltt~e, if •en•y, *i, •fc...e ufter !he WLittpiucjticn. of the
series probabilities In a pat-.. I tt Is felt that
predicting a probability of occurrenc,. of one !n ten =!•!!on
for a single event Is certain:y enougn cf a strain on tt.-
Interpretation of data, and that, althoagh proLSbl!ities of th~s
magnitude and sraller =ay actually exist, it Is unrrascianle to
telleve than normally these will be good enaugh bases for
predictinr them.

Reason for Pes!,Iststc Assignments

5.12 There is one other basic rule which should be fnlcred.
Sthe ease ot those urobabilities whose as nent is based on

little experience and dataa the value used ,.AiuThrsfrst
aoprcxisation should be the hMrKhest oonsioerT.ely or
p b. That is, i there is no basis for 3aynng that an
event probability Is any greater t~an I x 10 nor, on the other
hard, that It is any less th-tn 10-, the 10-2 value shdbe
used. If it turns out that the overall hazard terms In which
this probability clays a tart are srall, nothing has been lost.
If it Is significant, a better value can be obtained by greater
effort In a second-ar roxi=atlcn annl:.sis. Ou the other hand,
If a low probability (high exponent) had been selected and the
event should later turn cut to he more fre.,uent, its sainffi-
conce to the analysti result would have been missed.

5.13 Other examples uf the reasoning behind thu choce nr
probability values i. another analysis are given In Aplend!ix .
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TABLE 5.1

EXMHPLE PPOBABILITY VALUES

Values of Z for Probabil~ty Value 1 x _10x

SZvents1.1 4,

Spuriou s Initiatio n

u0 of $0 a or 0natan-

utaaeous primer 3r616 5766'.i322517
0 Spurious nlitLation

of 110 ". o primer6 1

03 Spurous initiation I2 rof 2 of cactuat. ori(er :6 : - 22

0- Spurious initiation t
f 4-1/2 see. actuator 2A1 5. 5 5 2 2 l l

-- 05 Spurious initiati0onA L S i771i-t532 7 77 71 t1
" of detonator I

mi s• ng shear vir. ,iIIll I t
re:u!lts in um arzed 4-41j Aruse
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CHAI'I'1V 6

EP.-1.1AT ION OF PATH PrOBAB ILIT IES

6.1 Table 5,1 lists the - l .rlct•,4 •1t-'
"the "0" events- (se'4.;li)' occurring in all situations of the
RAP Analysis of the Bomb Fuze LX-200. In a complete RAP
analysis similar tables would be prepared for all events. As
explained in Chapter 5 these are exponents for the base 10
and are listed in this manner to take advantage of the easier

computations of the decadal system. These values are plugged
into a situation diagoam t.o obtain the probability factor.
To illustrate this, the probability factor for sit-aation "i",

which appears in'Fig. 4-3! will be computed.

PreDaring the Work Sheet

6.2 The top path in Fig. 4-3 is QIT8O1. This is a series

path, and its probability is the product of the probabilities

ql, t 8 and o0. From tables like Table 5.1t we would find that

ql carries the exponent 2, t;r the exponent 1. and that o1

carriel the exponent 4. This means that ql has been assignedtbe

*]D- •the value I - and o0 has the value I0-4. The path

probability in accordance with the simple rule for series

events given in 4.2, is the pr duct of those individual proba-

bilities and has the valie 10- . This was obtained by simply
adding the exponents. This illustrates one advantage of the
decadal system.

6.3 The second path in Fig. 4-3 is QIT805; the third path is

QlT81 4 ; the tenth path is QIpI 3c 9 • Table 6.4 lists the 36

paths taken from the normal drop situation, (Fig. 4-3). It is
a work sheet used in the determination of the probability
factor. The symbol for the probability of -ccurrence of epch

event is listed separately In each path in which it appears,

and under each is placedthe value of the exponent obtained frum

Table 5.1 and similar tables for other events. The path proba-

bility exponents appearing in the right hand column are thp

sums of the exponents a;pearing in the rows, obtained as in 6.2.

The First Approximation

6.4 All the paths or rows are in parallel. 'r'he combination of

these to obtain a situation probability it "nvclves thn us-

of the ecliat..".clns fcr the probabilities c' parillel event.;
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(Appendix A). The cuqvaticn for the corr'Jnlng c.f the ,•cLa-
bUities of two rdralle.1 independent events Is i-Jver in rw,-:,-
6ran:h 4.2 and is p-= p!+ P2- PI:)2 " When two event.- are
e-xcluisive th.e equatiocn i': p = pjL+ p2. Although: th :c ¢, ,utcn

illustrate that the first order terms are simply addcd. ThIs
Is the first step in the siuYmation of path nrobabllities; I.e.,
P = P1 + P2 is taken as a first approximation of
P = Pl + P2 - PlP2 when it applies, and as illustrated in
paragraph 4.8, this is often a satisfactory approximatiorn.

6.5 bumming the path probabilities to obtain a first appr.zA-
nmation of the probability factor for the situat~fon is quite
simgle as long as the jecadal system is employed. For examgle,
i0" 0.0C0000001; i0 -+ 10-8 0.00000002; and 10-6+ 1O- +
+10"8 = C.00000102. It will be noted that the appearance of
the exponent -9 placed a unit in the eighth place to the right
of the degimal; the addition of two path probabilities of
value 10 placed two unit. 'n the Eighth place; and the

addition to this of the value 10-6 placed a unit in the sixth
place. If a table is set up with exponent column headings, the
probability factor for a situation will be nbtained as a
decimal fraction simply by placing the number of path proba-
bility exponents under the appropriate columns reirembering, of
courbe, that each time 1C or a mtlt-ple of ten is reached, the
colu'mn to the left is increased. A table of the data obtained
from. Table 6.1 is given below.

- I0l12 34I5 67 8 9 1011112 13

- - ' .- IF
TI I.010 1'1 49 6 1 11

J1 I..I
This table shows that under the path probability column of

Tablc 6.1 there was 1 - three, 1 - four, I - five, 3. - six,
4 - sevens, 9 - elphts, etc. Of ccurse, this saL., .'•';lt could
have been obtained if the-e had been no - sixes Pn ..4 - sevens,
All exponents are ne~ative.
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6.6 The first a pproximation of the probabillty factor can bL
carried as it appears in the t-.ble or can be shifted to rther
decital nits ýince an ...... ... cnt rate of cn.e ii, one milion
is a goal in fuza design, it seems advisable to carry the
answer in millioaths. The approximatlo e f the pro.batIjty
factor in the exampjre aivel. tyjok- - 1111.,49 x 10".
Tai•u 6.2 1 • :11 e....,,xImation work sheet
for all ;ituations involving the LX-200 bomb fuze. The
figures r"ore obtained by the processes described in the above
paragraphs.

6.7 in Table 6.2 the probabi ity factors are carried out to
the exponent 16 (i.e. tc 10-1 ). It is apparent that many of
the places carried are not significant and that the sub-
traction or addition of the larger cross product terms would
charge figures far to the left of the 16th place. However,
there is one advantage in carrying a lot of apparently mean-
ingless plFaoes in the work sheet. If some change is made in
the device, the direction of the effect can be observed by
simple addition or subtraction no matter how small it may be.
But it must be remembered that it is not correct to state that
the6probability of accident in situation "a" is 3.322447) Y
10- , for such a statement implies An accuracy which is known
not to exist in the first approximation.

Magnitudes of Errors

6.8 At this stage in the analysis arriving at a numeeriCal
value which is sufficientiy accurate to be quoted as the pro-
bability factor for the particular situation requires three
basic steps. These arel (a) a critical review and re-evalua-
tion of the path or paths which contribute the greatest amounts
to the numerical values of the first approximation, (b) a
review of the effects in these paths of rounding-off values as
part of the decadal system, and (c) a,. assessment of the
corrective effects of cross products. Step (a) is necessary
since, as pointed out in Chapter 5, many of the probability
values are assigned on the basis of person&A. opinion or
Judgment. Assuming there has been reasonable consistency in
the personal trait of optimism or pessimism which influenced
the-judgment in assigning these values, the paths which con-
tri-ute the most to, cr actually control the magnitude i-'" the
probability factor are the more likely causes of accid-.nts and
therefore shuuld be the focal -cints of study or t-tirng. Ihiz.
step is therefore a "second look" to see if there is b:zb-
stantial background for these inrluepntal r hoices, .tep (b) is
to determine if the syster, of round:ng-oft r-,,-"cnded i;ith the
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decadal systoia Las Liased the results to tChe extent that the
path appearing to bo the mozt- li-e~ly .ause of dccident actuailly
i.s not. For examnple a value of 1/30ký 'Jasea on test or actual
experIt~nce would be ruunded-off to 1/100. If thIs were to
ha ppen sovoral ~hc in u p.at!.5 tlhi path an,ýi4w:,r could be
affected by a factor of 10. Ste)p (cj is a mor.* inchanIcal
step. Its primary purpoze is to obtain an idea of the rnag-
nittude of' the error in~ the an~iwor wV.hich is attributable to lack
of rigorous mathematical treatment. In this step the large~r
cross product terms may be applied to the answer or m~ay be
ignored after it has been establi~shed to what extent they
influence the aikwwr. The ztep al~so in.cluaes decisions re-
garding the existence or non-existence of cross products, and.
therefore requirr.4 that the relationships of the events lb,,
classified as either independent or exclusive (A.29 and'
Append~ix A).

6.9 Situat'a.o "ill will again be used as the example illus-
trating steps of the analysis. In Table 6. 1 it* is noted that
mLhe path ql1TqQ4 hasý a probability greater than any ot~her path.

lisdefined as the event that the 4-1/2, second actuator burns
very fast cr giveB no-delay. Q4. is defined as the Pvernt that
the reed switch In the in""tantaneous primer-and 5C !..llisecond
primer circu."t is closed or closes. T9 mcdifies the proba-
bilities tased or. 6-1/2 seccnds since the accident can only

X, occur in 4-1/2 seconds. Since it is rounded off to 1 it does
It" rit ~ontribute to the -&th voluo. The combination of these

events w~ould cause tomb explosion before safe separation had
been attained. This Is clarified by reference tc Fie. 3-1.
The delay 'provided by the 2 second actuator will allow the

M_ bomb to fall some distance from the plane but since the
designed safe separation time is 6-1/2 seconds tnis is
obviou.,Ly not yet a safe distance. If then the 4-1/2 second

IA actuator gives no delay and closes the primer circuit in which
the reed s-ý.tcii is already c-loacd the bumb *Ili. exzlode twoIsec:nids after r'elease. 6hort turning of thi- 4-1/2 se-cond
actua.,tor is a variation which would pri oe ~ rsm.l
not -i~ough, separatir'n of' bomib anid airplane a* the tire of
661toratloil.

o'.10J ihe iirobaLility 411 wus!. thu valuz 10'- !1, i

Meanls th;A~ on thle 4v'erage it vias felt that one in a hund r e - of
the 4-1/ie second delay actuators ,.oula burn through very
rapl.dly or Z" 've no delay I. Th-is rather pessi-niStic etiumat*.,
may be based cr. a dJistrust. of pyrotecnnic C~elays a bd
experierv w~ith sorne such delays or a conbhinationr Cth
Lxr~erie~nce v:-Ith dychnc elay Columns haý: ilirJc ~d t hu
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else "fire through" without delay. TYA.L tendency to "tIre
through" appears to relute to such facors us vitor cf ..nitia-
tion., nature ni" nonfining .. vallq, and dclay columin -.',engti,. Thiuu
great variations in this regard can be expected from. ddfferent
physical arrangements, and the tendenrvy for any particular.
delay element to "fire th,.'ugl," must u.ilr.ately be ludged on
the basis of ýts performance. Lacking such information the
figure of 10- was selected on the basis of test work performed
on two delay cartridges$ one having a nominal delay of two
seconds and the other a delay of five seconds. Althcugh these
delay cartridges are initiated by a percussion primer and also
differ in other physical aspects) there seemed to be too little
evidence to assume, at this time, that the delay actuators of
the bomb fuze would be less likely to "fire through". In 1049
tests of the two second delay cartridge seven "fired through"
thus giving a best estimate of 1/l•0on the average. In 283
tests of the five second delay cartridge two fired through
thus giving a best estimate of 1/141. The value of one in one
hundred was therefore assigned to adhere to the decadal system.
Someone having more confidenc2 in thig particular design might
have chosen a figure like 10- or 10" and in either event this
would have a marked effect on tf.e value of the probability
factor. If these two people were to get together, they might
settle on an intermediate value, but the point that is brought
out is that this is an area in which testing is Important,
Unless the estimates are actually 1.udicrous the RAP Analysis
will point to the areas of danger which require attention
through remedial measures or proof that the opinions involved
were far too pe~simistiL, Because of the curtailment of this
fuze development the burning times of these specific actuators
were not adequately checked and the estimated value of qll
remains doubtful.

6.11 The other event of Interest in this path is Q4. The
valun of I0" assigned to q4 was based on some knowledge of the
sensitiv'ty of the switch. Tests demonstrated that these
uwitches could be functioned by drops of a fraction cf an inch.
Lacking, however, is sufficient information on the types of
shocks or internal vibrations which the bomb might encounter
in flight, the frequency with which bombs may be expected to
bump other bombs! and *h. .. robability that switche. wi•' be
defective through premature closure. Thus q4 may also be a
pessimistic cstimate which would be improved if ati the facts
were known. The value of re-examination of the path is to (a)
confirm that the path is a valid accident .ath, (t) show where
more effort should be placed in the gathirl .g ind analysis of
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available informat!on or in testing •-4, (c) note hov: c'.•ang,.s
can Irarove thA el tultion, in the ux:•pl• glven9 t•ie,'e i•
considerable doubt that the path is as dangerous as these
figuL'es Indleate. J•It If we assume thn• +•e•e fig:Ires are
substantla]ly correct, the analysL• s•ows that :!.-h •mprovement"
in th•s ind•v•du•,l situation can be rbtaiI:cd by (I) use of a
less sensitive s•vitch, and/or desIcn of switch to reduce the
•ossibillty of clo•uL'e as a defect, and (2) increasing the
reliability of the delay time.

6.12 The inspection of paths for the effects cf rounding-off
is most useful ,•hen two paths ha%,e the same value, for by this
process it may be possible to determine ,•'•hlch of the two paths
is the slightly more probable cause of accident. For naths of
nearly equal value to differ by a factor cflO in the decadal
system requl;es an unfortunate combination of rounded-off
values in one or bot)i of the paths. 'lhe examination of all
events relative to each other for the effects of cross products
is a tedious process which usually vleld• Lop little to justify
the :•ork involved. The probabi!Ity factor for s•tuation "i"
determined v•ith the consideration of all cross •roducts
(Appond ix • 'ay dlffurs eniy slightly from the flr•'t approximation.
In general the consideratlon of the effects of rounding-off and
of the gxposure and Severity Factors should be underta•:en before
aly cross-product study is made since thes- effects will usually
overshadow any cross-product terms.
6.13 The process of checking tK: effects of cross-products can

be greatly simplified ;','hen only the largest naths are consldere•i
The significant products will usually come only from the high
probability paths. The largest contributions to the proba-
billty factor approximation of situation "i" home from the pathso.ly Th• c!•.an•econtaining the events Ql, •iI and •4 (Table " '.
are very good that the largest cross preduct• •ill come from
combinations containing ql, qll and/or q4"

6.14 The first step is to assume that the events ap[earlng I,•.
paths parallel to the path ef h•ghest accldent •robabil•ty are
independent of the events in the path of hiE he•t probability
and therefore have cross products. From Tabl@ 6.1, we find tha.h
the two most Important •aths are &IITg•4 (I0"j) and 61T•4 (I0":

Referring to Fig. a-3, we see that these paths, If independent,
•vo•]• •,,,blne to give • c•'o•s product qltSqlltgq4 with a value

of lO"u. If the assumption of independence is correct, the
first approximation probability factor for situa•J.. "•"
(Table 6.f•:• would, r)y th•s one cross product• he •c.:.•e¢'ted to
iii0 x I0-u. Howewr., to che¢/ the as•u,•ption of i:•:e;,t.ndehc•.

i!I
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It is necessary to examine the definitions of events, these
are given in Table 4.1.

6.:L5 For alJ. practical purposes, It seems reasonable to con-
ilder ýj (zhvt or no dela', of 2 sec. actvitor), QI (short or
no delay of 4-1/2 sec. tcLualtt.r)', xnd ;4' reea switch is closed

or closes) as independent. But on examining the definitions of
T8 and T99 we find that by definition T8 requires that event

Q, and not QII occurs and that T9 requires that event (!I and
not 01 occurs. These T's establish the mutual exclusiveness of
the paths considered and the cross product considered in the
above paragraph does not exist. In retrospeat this is quite
apparent. In the diagram (Fig. 4-3), we dote that in addition
to the paths we chose for first consideration, there are three
paths containing GIQil, viz. 4iQlolj, 4IQ1105, and QlQIIQ4.
The :act that a'special path was put into the diagram to give
the QIQll combination was in itself a "red flag", for the co-

exibtance of Ql and Qll would be automatic if the two paths
containing Ql and QI. sing2y had bccn independent. ,ie aoLe

that further down in the diagram this independence is recognized.
For example, the cross product qlqllPl2 exists.

6.16 Continuing with the investigation of the highest proba-
bility paths, it is necessary to examine the cross products
resulting from the combi.ing of 0105, OIQ4A and 05Q4. The
largest cross product coming from these is qlltgolq4 with a

value gf 10-7, and the next largest is qlt 8 olq4 with a value

of 10 . The product qlqlloIq4 has a value of 10 . Consider-

ation of the definitions of 01, 05, and Q4 leads to the

concl'.sion that there is no reason not to consider then as
independent. A continuation of this process will shmw ihat
thege are no other cross products which con,.ribute as much as
10-" to the probablity factor. The cross products considered
will change the probability factor ofzsituation "ill from.a
first approximation of 1111.496 x 10O- to 1111.385 x 10-0.

6.17 A3 mentioned in paragraph 6.12, the effects of rriunding-
off values to remain in the decadal syst6e may have far more
effect on the value of the probability factor than the cros5
products. A good example of this is found In the T^ and T9

events appea:ing in situation "i". These ev ,-; were defined as
transforms with the exact values of 2/L-i/2 _nd 4-1/2/6l-)
which were r~unded-off to 0,1 nnd I.LC respcor .... ,e C %,t1 A
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nross products entlrely r;e will examine, the effect cf rcunding.

off these values. TS appears in three pt.ths; viz. (iT801,

&1 T~05 , andS 4. T9 also , in tIrnec pLI13; viZ.

'- T 1,1i -N$

the value 0.001101101 to the first approximation probability
factor. by using the exact values of T8 and T 9 and leaving all
other values unchanged, we find that these six paths should have
contributed 0.001001001 to the probability factor. * Thus the
use of the decadal system on T8 and T9 , which had established

intermediate values, gave us a first approximation which was too
large by the amnount 0.000jO100, and a better second approxi-
mation is 1011.3965 x 10-1. The consideration ol cross
products would further reduce this value but to a much less
extent than the rounding-off.

* This step inavolves departure from the decadal system
in determining the path valuns. In this case.it was simnlif :-d

bytefuc& "ha*t t+ I.~ and q, q2 = 10 Tesxrai
are given by the expansion of

(Qlt 8 +q 1 1 t 9 ) (o 1 + o•+q%) - 2(t 8 + t 9j (10-4+ 1o0?+ 10--1)

" 10-61. 10"9+,o-3-- o.oo0oo0oo1
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TABIL 6.1

PAIE ?RUbABILflacuais

nvcat ?robabilitiasMt irahtls

2 1 4£

"2 1 ts8 0
2 1 17

2 2 4 8

'a. 'al 0
2 2 7 1

6. 'x Qll q4
2 2 15

7. qa. IP,.

2 79

8. ;l t 1o P
2 1 53

. ~ 
10  "

2 1 58

10. 'a, P,3

2 6 2 2

Ua. q. tg c2

2 4
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TABLE 6.1 (Ccn..d)

bvent Probblb1ties Path Probab±iities

0 7 9

1. qll t9 q4

2 0 1

14. q 1  P1 2

15. .1l1 t1 0  P3

2 1 5
16. qIl t 1  P7

2 1 4

Sql Pi3  q9
2 6 2 10

5 1 2

5 2 3 i

0. P2

5 7 12

21. p ~ p

5 4 5 14

5 4

23. p2 •5

5 07•• •
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TABI-L .1 (Cont'd)

iwa-it PrObit Il--ies Patih in" iUZIt~cs

,
4

. 0.1 :c ;;
4 - 7

25. q12 04
4 2 3 9

26. 01

17. P5 Po

4 513

28. e =4

4 4 8
12?.. o1  q

4 3 7
30. P6 P9

5 5 10
31. V6  N4

5 4 9
32. P6  q7

5 3 F
33. c5 P9

7 5 12
34. 05 U4

7 4 11
35• 05 .- 7

7 3 10

P..

7 7
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CHAFTER 7,

EMPSURiS FACTCH

7.1 The need and sirnificc,,qc ,f UJ .'- .-. ure fatt.-r In the
Attk ndniysis is-r.•efIy mentifonek in Lr.anter k. S,;ch a f=ctor
is necessary so that adjustments can be made for the relative
fmecuuncies sith %hich the crdn•nce is exposed to the -arl;us
situstions. Fc- exarpJe, all fuzes rmanufactured wil. not be
lnvo.vcd in all situations In ahich the fcze Dill be the source
-o accident-. It aould he foolhardy to rut as much effort itfs
aesien!n ft. b•£vty in usashes as in nor.al Iiandlltr unless
craon.-os becomte ".re c:roan. in order to get a c:a =r.tc
figure which characttrizes the safety of i. piece of ordnance
in a particular situation, it is necessary to define an exros-
vre factor. The exposure factor (G) Is the number of tices to
xhtch the nverarý piece of ordnance is exposed to the partic-
ular situation. I: then tecomes one ter= in the product PLS
(discussed in Chapter 2) uhich rates the overall hazard cf the
device in a situ.-tlnn.

7.2 A knooledge of the rrobabli1ty cf an accident in a
situation cr the damage which it mould cause cannot give an
overall picture of the hazards of a situation. Lyon thourh tUe
accident probability and/or severity of such an accident may
be high in a particular situation, If the expectaticn of
exposure to the sIt.ation is neRlligble, -he overall hazard
from the ordnance Is not necessdrily great. It seers that
little could be gained and mach may be Icst by expansive effort
to racuoe the arobahity of an accident in the situ-tion) if
the safety irdex is already low because of the %elghtlng
Influence of the cspcsurc f.actor. Fer exanmple sone poi.nt
Cetoitin.- rcc. ot fuzes are cesirned to be very seusitive so
as to be effective agelnst =-dern al:-raft. There is consid-
arablc concern over the fact that they oan be 1n:tIattd by
rain. Thus the probability of ain dcrt.enr In an air-to-air
cor-•bat aituaticn there the roc, eta ar. fi:'6 In a raii. storm
s6culd be very h!vh. Cn first ttiought -n- mifht decide that I.
is :ecessary tc re-:eatrn t~e fuze to ;rcvent a.n 3cc!dcnt to
the 21aunchine,,Irereft. zcz.'ver, tf.ts is !'ou.: to te .nncces-
sary u;cn. Ozsm:n.t io L t,., x;oeurC £:,c:cr ztJct. Ind!, .- s
that tLe nerd for C-ooa visibility in air-to-air ccnia: c,,'-es
-ost t-.. ..... ... cur tc-.-. t%= CCuj.

ZX;ZSure fas~tor*%*j

7., -.-e cffects -! t. . s. e fictr- -n
tne safj - I .. ex., I " " issrastle tý sExaro n .he '; .. ' -.
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it can tate. ihe epv.ure factcor is , di--vislonless nutLer.
dlncc moat zltuatlons arr pa.rt or the .ircyal lire histery of
the fuze, the average fuze w*l be exroced to tec once and
only once. The nest ca.n-cn value of the cxposure factor -'-"-
therefore be unity. In other cituatizns =hict..-P descorbed -

as unIntended or abnor=al, the average fuze is not exrosed
ever. once and the factor ray be conslder-tly less than unity.
The exposure factor ray also l-ave a value treater than unity
due to the fact that an ordnance Item can under certain
ctrcumstances (to be discussed loter) be ex;coeC to a -ituatlor.
more limes than one.

Attenuating iffects

7.4 Ihe shgnifioanoe of the cx:•sure factor c-. cc !lustrated
by cc•mnarinc its effect In two different situationo. ForSino-ance, in situation "k" (return and l.Indinj with hung

j crdnance), the plane is returning after raking an attc=pted
k droj. trior t•c the return, everything appeared to be noreal

unt• l it eas found that the bcrh failed to .drcp, neceositating
that the ulane return with the ordJnncc. Thr frequency of th•sL occurrence Is not too dIff1cult to ascertNin and a feeling for
this value can be found by a study of avallatle operation
statistics. Since It arpears that th!s situation Is not too

Z. Infrequent, an exoosure factor of 0.1 was .hosen as being a
fairly reAllstic value. For couparlson, situation "l" (crash
-n landing with hung ordnance) Is cons•dered. TI.±s situation
Is sirSmilar to "Y." except that there the plane crashes during
the landing. Since a crash on lan.Ing uith hung ardnance is a
much less frequcnt occurrence, an exposure vbluc of C.rCCC5
h as selected, which means that on th.e aver.:; 1 in 20,000
bmc=b fuzes will be exposed to crash lne!.int -Ith huntg crdnaace,

L c oe could say tU.at the ex,,ctattcn of tr.e average fuse
exper.encing this situation Is 1 in 2C,0C0.' As discussed
earlier in the report, the RAPF index for a situation is the
prcuact Pfl (p- Protability factor, B-m -Axpsure factor, and
aý S- .;rver!ty factor). By exarn!.ng the values In .:P prmouct
P•; for these two sltuA•tonsj it Is seen that *he seve3ity
factor for l-tuat ion. "k" an•d "l" are the cane (3 x !C from
m.Lt ;.l) The best estImates rC tve prObab'l.. of a% aco.!dcnt.
L n t:.vse to s~t-at~ons, as dCtCr-ltej by the situation

CNC Coaf ltr te ::CL -;5/c tr. C1?5 f 4 --e;
1953i gastatojt!stzs en the frecl,urnzy of csrri:r rast4 C:--
cra;t acctdent-. Al.thcu&h t.c ex;oaLý.. r Zctcr -.' !,n

dV .as n.t •l-r-tly derIvable fre tlese stat:'!oc T.ey do
lndIcate th. t th, :: -tcr -I s ..er.- 't ::der "f ra~ c¾.ce.

7:1C -
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analyses, jrp~ .. I hpr •,ntej I. x :-.-6 r._.-c

"and 6'5 r :or .-ttatlL:; 1". ýis Licicates tLat t".e
probability cf Cn arede~nt !n s2tui't.Cn "-" Is al--cjt twice
that Jn sftultion "k". osever , rPL'oc.. PL.-
values Lor ':ý two situatl-ns tre cc=;-:: . ., it is fou.d tLat
the exrccted accident cz'st Zrcmr crash landints with hung
oranance is shout oneti,ousandth of thut frov noraal I ndnc•s ah
hung zrdnance. Thus it is seen that although the rrba'.tIty,
of an accident in situdtion "1" is twice as great as In . ",
the potential hazard presented by sltuatien "I" !. less
because or the very lcw exposure factor.

kxa.anle Analysis Values

7.5 As discussed ear•-ler, •oi.t of the i,orral situations that
-ri In the life history of a fuze will have an exposure
factor of 2. Actually about half the situations naned in this
analysts pertain to getting the fuze from the mnufacturer to
the situation there it iC dropped. In order for a fuze to live
a norhal life, it -ust be exposed to these conventicnal
situations at least once. The situations which fall Into t!.I.
category are: storage, handlint, etc.; fuzing; crc.nctlng
fuzed bomb to airplane; on deck before take off; take off; and
flight. The situation of .r.or.al drop 3s an intended tart of te
life history of all fuzes. However, it will not have an
exposure of ualty since a fair percentage of fuzes for various
rf.sons are returned tc base. Censequently, frca study of
operation-l repoits, and dIscusbions with cognizant personnel,
It seems that a reasonable figure for *he exposure factor for
nornal drop is 0.75.

7.6 Since the ccnventional situations conccrn the prelaral:li
of the fue: for Its Intended usc, the renaint:$ s$1tuat•ions,
which we th.nk cf == unintended cr atoer.•a1, concern that
portion of the life .ctory resulting fro= fallu•c cf i fu4e
be normally dropped. :;ot all fuzes which experience t..e
=sItjation of flI£ht w!ll be r.D:- ro1 'i- Thvae :_e.;"
be returned to the carrier or jettlsoned. jettIsonInC is
considered as a seec.el forn of normai drop ano is lot con-
4idered !:: this anialysis (sae r..r•.rarh 3.20). Th. d1..ýr.
c: rig. 7-1 shows t-e re•atiocnshlp cf týh varlou, b su.:: 'ens
to cach other in 2 t'na-w.se fashion and hor "hs ex-os:.-e
factors are jivlded n-on, s'tuations. Sl..ce the '--,se fu.z
-3uaily Is slubected to the n.rral situat'' f= L
handling t.-ough flight (see Fig. 7-1), the oxpcsur.e fazt•r Is
1.0. It is true that a s=all nu=-er cf ".," ee ,---ec fran

-.- g3e for test ;ur;oses, but this !s .:c- -rel '.C have
negllgible e'eec: on tne exposure fac.or, -:,,u.e 7-!
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that the exposure factor for iourmal d-r-p ic 0.7 lthoug-

into other situations as shown in Che .iagrair. A value or
0.15 has been assigned to situation " (return 3rn,. nnrm:.l
landing). Statistics indicate that there fs a fairly high
incidence of planes returning with hung ordnance in which the
ordnance pulls free of the plane and is subjected to deck
lzspacts; for this reason it has been given an exposure factor
cf 0.1. Crash on landings with hung or normal ordnance are
riot excessively common so this Lype of situation has been
assigned a relatively low exposure factor. Thus it is scan
that the fuzes which are exposed to the situation of flight
and are not dropped are, in most cases, exposed to the two
situations discussed above. Some fuzes are subjected to other
situations as shown In Fig. 7-1, but their exposure factors
are very small and thus will not affect significantly the
exposure factors assigned situations"j" and "k",

•.'/ ":�ne siltuation1 of lefiuzfg whih -. eri- the - Of
';he 4uze f'c a:'y reason at all may be classed aa an unintended
situation. It is certainly undesirable to have to defuze a
bomb; however, It is necessary in some cases even though the
fuze may never have been connected to the plane. Most bombs
that are returned and are subjected to a normal landing will
be defuzed. In some instances defuzing will tak- place in
these situations which are abno.mal such as return and landing
with hung ordnance or crash landings. In considering all the
instances in which defuzing occurs, both In returned ordnance
and that not subjected to flightq a value of 0,25 was selected
as an exposure factor. The exposure factors for all the
situations of this analysis mkve listed in TaLle 7.1.

Dependence on Tactical Doctrines

7.S As mentioned above, the exposure factor can ;ssure a
value greater than unity. This would occur In cases where the
ordnonce may be taken out on a flight mission, returned and
defuzed, then later used on another mission. This would
usually be the result of standard usage of the u.d iia,,ce iter..
An exanple of this would be an aircraft parachute flare which
Is left on board t:ie aircraft until it is fired. Thus it ;-;ould
get rereated exposure to the flight situation.

P.9 2he expcsurri ractor does not necessarily r.--'" a fixed
value, iAiý as eoxressed in Chapter 29 its variatio.. rr,4y fre-
...ntly bie tha .es't of changes in tactical dcctrl:.e or -2'[:i•li.g prccc'•c ;. 'c~r v~xa..p'e, luIst ~ction.. •aV Ze i.se
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thlat there :haII ha o t1uf-zei brnts fe,.,vd £rc- exce:tIn an e~ert~m 7 , tills -Oul: reduce 11~e A:~~'Itusutcn -d- tfllzcd bc--t ha.ndij 0n;1 bi.-iiarly ' ~etv
ta e iýue tL-.t 110 Iclin--s abcarua n alrcr,'t e-r

4
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I a-...ed Lu'dZs sý,afl Cecur, thus r"aigthe Lx! osure VectorinI the affected sltuat~cns.
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TABLE ?.1

EMPINI EZPCSLR FACTC2

CItuAtion Exposure Factor

a. Storage, Handling and Transportation
Outside Ordnance 1.0

b. Fuzing 1.0

c. Deruzsi .2g

d. Fuzed Bcab liandling 0.01

0. CornIcting Fuzed Bosb to Airplane 1.0

f. On Deck Be.tre Take Off 1.0

- . Take Off 1.0

Sh. Flight 1.0

I.- Mrr-al Drop 0.75

J. Return and Norsal Lwnding 0.15

k. aezurn and Landint with Hung Ordnance 0.10

1. Crash on Landing with Hung Ordnance O.OOCO50

a. Craah 0M Lani.IZ with Nozal Ordnance 0.000075
Sn. Rendering Ordnance sare or Disposal of

Ordnance Arter Crash Lending 0.000121

Sc. He-.ovlng Besb 0.01
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CHPA.PmE 8

SEVERITY FACTOC AS.IRW.'..T

8.1 The ceverity factor (W) ropresents --.u average "loss"
in a given situation for a particular accident and as used
in this analysis, Is expressed in ter--- of dollars. As dis-
cussed in paragraph 2.6, the loss as a result of an accident
or "cost" of an accidentl May be di•ided into two ;wrts: (ID
tangible considerations S1) which zould be mte cost resulting

from material loss or da=Z*; and (2) intaneitle ccnsidera-
"tions (S 2 ) uhich wculd be the cost resulting fro s•u•. things
as the loss of life and injury to personnel. etc.

""ý-ulble Considerations

682 Once assumptions as to type of pacdazIn, cearrystag air-
craft, size of bomb, etc. to be considered typical of the use
or the ordnance item are agreed upon, fairly good values for
the tang•ble cnst of -n accident in a situation can often be
arrived at from data available with a little seirching.S KHowever, the most Inport'ant aspect for the usefulness of the
analysis is the relationship between the values for the dif-
ferent.situations, and these ratios should be checked Zur
reasonableness. There will be little argument, for example,
that the averag.e ost of an accident occurring on a flight
deck at landing and involving4 the explosion of a 1I00 lb.
"bcab is greater then that of the same exPlosion aboard the
aircraft in flight, since damage to the aircraft is the same
in either case and that to the carrier and other planes aboard

must be additional. The greatest difference in S-factor
Svalues will normally occur, of course, tetween •thsc situal:olns

where only a booster explodes and thr.- where the main charge
is detonated. The choice of any reasonable ratio for these
values will go such of the way to•'ird properly reighing the
relative accident consequence betseen situm.icns.

,J.3 Since such assuzrtions as whether a 250 1. or 200 lb.
"iF7 be-bb is being used with the fu9e, whether its nor.al use is .sf

carriers or air fields. etc. will effect S-factors greaLly,
these asszpt.ions must be stated specifically. The de!r--ee to
which intangibl.e (S21 considerations are 2n-l.ded -=St als o

-:1i stated. In, general, it may be be••t to c•1t tnese in L..k.f• r
first analysis and to include then _'ate- . v - f v .LUey are found
to Le essential in arriving At the speclrfc .1-.!tr5.VC
decisions h.ch are suug.t. In this . Si- the . . le
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losses (Si) %ere r.ot 1ncluaed in the severl-ty factor. but -- e
discussed in pargraph 8

.1. %d &.13.

-Value Ass ignmnts

8.4 For this particular n-*-lycis, sit -Z'lon "h", nlich is the
plane In flight with fuzed tombs ready to drop, has been
selected as the starting point for severity factor assign=ont.
This situation was selected as the first for "onsideration
because if an accident occurs during flight, only the plane
would be involved and it would be considered a total loss.

. 'will say that this f•ue ana bomb are carried ty a propeller-
driven plane valued at ;200,(rX; then, a value of 2 x 10 -111
be assigned to 6 for this situation.

8.5 ';& ahould next ce-slder situation 'I- (normal a-cop of the
ordnance) which Includes the evonts that might .ccur from the
time of bomb release to safe separatiorn. It Is estimated in
the absence of- informatlon. _t this stage of the analysis, of
the nature of likely accidental initiations In this situation,
that one-half of the accidents shIch occur In this situation
would occur before the boob reaches a safe ser•aration distance.
lherefore, a valn' of 1 x 102 Is assigned.

8.6 The next logical situation to consider would be "e"
(connecting the fused bomb to the plane). This situatlon was
selected because it is thcu,-ht that en accident cccurring
here could conceivably cause Ps inch damage as in any of the
situations. Bush an a. -:dent sould =.sL likely result in a
total loss o. the plane on xhich the bonb was bei-e. Installed
and damage of varying extent to other plancs plus daraGa to
the carrier - the extent of which would depend on the size and
location of the bomb at tine of detonation. A value of 4 x lO1
Seems reasonable for this situation.

8.7 Tho va"u. of S In situation 'f" ion ceck refore ta;ake-off)
Is considered to be the same as for "e" because the lc'r.•aon
of the plane and Its surroundisir i.. tt.Is situatl- w-va.c not
differ much frem those in "e".

8.8 In situation "a" (take-ofr) the ------------nt." ha-= ... the
carrIer Is reduced as the plane !AvA'e the ca_-•-.er* So "Q
betweel those of situatlons "b" a-.• re" will be selec.,.i - say
3 x 10".

8..9 ;ext wb will co.-idur .L:t.Llon 'a- (storage, nanellnw
and transarotatton outside of ordnnce'. '-Nd situation cover3
t.he int roem nenufacture of the fuze tv t a .-1-e of its use.
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As a rule, loaded -fuzes are handled and packaged In such a
Carutir that they will not crAmterzL , others if one sncu'±C
detcr-to Inadv~rtej.tly. jh cb r ac acidn lig tiZi
situ.tion ray vary considerably. However, for this aralysis
we will a-ten -val,;.r of 10 tinmes the cost cf one M-th. Then,
assuming ti-e cost or a fuze to Le C20, a val-.- ;f .002 x 102
will be assigned.

8.10 Situation "b" (fuzing) where the bomb and fuze come to-
gether, is a situation of very short duration. It begins .Ith
the Inserti.on of the fuze Into the well of the bcnb and ends
with the elosing of the fuze retainer cover. In this situatico.

dia it Is estimated that about 50; of the time the fuze is In such
a position that, if the booster should detonate, the =ahin
charge of the bcnb would also detonate. Thererore• a value or
I x 005 -will be assigned to this situation. In Situation *c"

Z (defusing), the ennditInns are considered to be the zn-.c a.s for
"b", so the vuluc of 8 would be the same. Should this turn out

to be a high-hazard situation, a =ore detailed break-dowan might
have to be maae.

8.11 Siftation -d- (nndling of the fuzed bc.b) is not a
r nor-.al prcctlce In the Navy, but It may be necesacry under

certain coniltiýo. T-hu daamge rueulting frc an accident
occurring in this situation would be of about the sen. cagni-
tude as in *b" or O¢* for the time the f'se is installed in
the bomb. Therefore, since the fuze is in th@ bnmb 1000 of
the time In this situaation, a value of 2 x IOJ will be assigned.

.a Values ror the other fituato..s were assigned bl sl=lar
reasoning and are given in Table 8.1. It should be noted that
In situations which Involve a -rash of the plane, as situ-

. ations 1, = and n, the cost of the damage to the plane is not
Included In the cost of the accident because the plane dazag-Swould be practically the same whether or not ordnancc wasS aboard.

Intangible Considcraticns

8.12 The intangible losses contained in S2 may In sowe cases
be •ar more Important than the tangitle losses. In the example
j analysis they kave not. been avoided on the basis of unimpor-
tance, but because their proper evaluation and assignment
frequently requIres bzoader nerspective then the authors c--1
cl•im to rosess. The crirpln•- of a carrtnr nr.nE or a:znrr-
t.at naval operation eau. no aore be .udlyd s,.1.1% ,n The !.-Is
of the cost of r-pair than cdn the '!-convenience of the loss

o nkel zccdrd for a parking =cter bc vv.. :f.1vc cents.
In either examplr iL Is probable that only A..,io-t fAw ca:.

OthIhT A



approci,•st th f.-! m r- L t t.e accaernt. ,'ii zoz.--,nd.r of
me. TPAk For'e- tculd hc p- .- -z1v:ii,~ to .spr--cite a
aelicot. balance -f rcwui. !, . h.:h the srl!t loss of pctc:'.t'l
caused cy the arrdsnt 0ccal • or¢! thc .cczz- -f thc
operation. That the dis~on cf .r cr not to take a
chance cf receiving a tlcnet because the parkiIng nltcrel was
lost sa- influenced by the need to buy is ice crear. cone
rather t;:n a long aaalt~a dental avrolntc-ent wcsla not be
Nnown to the casual passer-by. Tiat p.ýrtlvn tf the scvc-ity
factor depending on the Intanitile lo.ses Is not so easily
averaged and not so waicely aprreciatea. nefore completion of
an Important anrlysis, a better appreciation of tht-sc Intan-
gibles can be obtained by tal•.ing to fleet er-monnel.

8.13 In sj.ite of the dIfficultias Involved In arrlvlng at
realistic values of the S2 factc-, the applicatlcn or good
c~on sense will usually tmrow wejent to the proper situations.
Tt o!re core than ccc-- -zen•-e to =educe that an
accident destroyinE the elemzent of surprise Is; an attack =-cy
have More serious censc(suences if it occurs early rather than
late In the operetlen er-n though the tang!U. 1v-aseb expresses
In dollar cost of dazage inflicted may be the same. in these
cases, even though the broad perspective required for proper
evaluation of these intangtbles is lacking, the co=on sense
approach will help to pl-ce accident consesuences In the proper
order and thus aid In Intelligent design.
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TABLE 8.1

LYM.AVE'LE8VMITY P'TC-Ra

a X02~ x 105'

b i1

d 2 x 205

t~~ x15

f ~4 x15

h 2 x10 5

4x105

k xD
13

3 0

afl X 1 0 5

n 2 x 1;5

4 Zon

-- "%FZLw-.-..
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CHAPT.LH 9

R~ESSULri Ab A BASIS nA~ DMtISI0lS

9.1 Completion of the .ormsl analyr'-, once the individual
situation probabilities have been worked out as discussed in
Chapter 6 and the exposure aad severity factors selected as
noted -n Chaptesb 7 wd 8, is merely a matter of setting up a
table and smultiplying and adling as indicated. Table 9.1 g"..es
the result for the LX-2C0 example.

9.2 Fron this point .-, the Alogli.1 procedure fcr refin~ng,
verifying and using the results depends on U.ae -ctual values
obtained in the zn-lys!s. Since this crececure will vary wit,
every Item studied, tWs chapter Is wr'tten in n-rrantlve fc: .
describing thought processes and further mathematical anslysc.
in an order apprrnprlato for this case only. Some methods of
attack of generaL usefulness are indicated, but In any specifIc
RAP study, once all the probability expressions are act up and
solved, the rmost efficient course of further action must be
worked omt for that study individually.

SU-200 L-talysis Study,

9.3 The first thing we consider: naturally, is the RAP Index
value. It works out that the estin.ted accident cost (excluding
intangibles in this case, as noted in Chapter 8) is $94.-00 per
ftus :nsnfecture•. V Ji is .bviously unsatisfactory, if true.
Even though this might not represent a major part or the danage
expected to be achieved, per br.b, fr=- use of the fuze and
therefore still per=.t a favorable overall weapon-system cost
balwnce, it is evident that even dcubling the cozt of the fuze
(perhaps 820) zould be & good buy If it eliminated cost of the
accidents. The money nay as well 'm spent on fuzes as on airr-
crait, aince all of the Intangibles will also be on the side uf
safety. It is therefore necessary to lock Into the causes of
this very htih value, to sep .h.t vi-zc a.a &nd what can De done
about thea.

Situation Probabilty Cecarlsons

9.4 •x&meninng the Individual situation FBS productz shows that
the bulk ý-? the hazard lies in two sItutton.- "nora.rl sro." and"*return with hung ordnance." Since the bc•b is =a4- wed fu•se

for the end purpose of beiiq dropped ar-e- :n a t-reet, and
since: It is known fro= experienne thu.a. .*.- boobs will hang L.;.
that jett•son!ng the aircraft it, suc- c-.seý 3s S.O.P..•" h1 .,y

C0N i AL
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unaeS'rablc. vve:: assuming that the . 'ot could tell %heth, r ji
-rot 1- 16 ".. u h.d Leei released). t'iee situaticns cannjt be
eliminated by a slight change !n use doctrine. The cau=e. of

detail.

9.5 before considering the two worst situations, it is well to
check the .hhP Index for the rest of the situations, since thi.
is no great effort and tMe results L-Ay !nfluence the coul-Ise of
the rest of the study. We find that the suzv'atlon for all
s"tuastonv -2mcept 1 an -1 I 12.5 cents per fuze. Inclusion of
Intangible accident costs woulo raise this figure, but on the
other .-aad, all individual probabilities -.ere selected cyi the
high side In case wr doubt, so it nay te ex.eotP' '.nat thO
actual cost shoulo not be =uch, If an.,-, greater than thit value
and nay well be much lower. Provided that the difficulties in
the two other situations can be roduced to a crparable level,
the fuze deslg:s should be hasically souno saretya:re. Inc
actual 12 cents cer fuze .irure is not accurate enough fcr .-
ring a balance sheet, but irdicates clcarly th.at fuze accidants
could not be a TaJor cost Itom in -or.arison wit' tne other
costi of tho •oplete .,eapon system.

lDettr:i min.: the i'ro-LIe Factors

N.E ocw, returning to the problem children, we need to deter-
-ine uhat happenstances are resconsible for the ble vahles in

" " s
t
au,-tlons i and k. Since the ialues of -those ,rot•:ilIties in

other rituations which con;rlette sIgnificartly to *'e 12 cent
figure are in the .1 x 10-0 range, we should consider all paths
with an end product of 10-7 or greater. Chetiting with the work-
5!.est (Table 6.2) for situation I, we find that the follouln,'

9 paths contribute to this extents

Path path PEo1_h!litjt w.pcnen
t

Sqltaq4 4

q11t .o- 6

qltaOl '

oIQ7 ?

P!! 3

42
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-Z q.tval Fatn.1 tnt!=as create, tknar, -*.1 Z '
-e t resov the qt-,; t9, qj pr-,bab!Utltes nov-rý" te-'

frce other paths x112 be 5 f ! n this zituaticn. It ill
be noted :'Z.at t!.e other most imucrtant .,aths are ;,t..o.

Qijq ani- q,,t~,ol. Zhe rrobab!!"~ appearlnC =B57. fre-
que.s,.ly !n those _pc•t-ant paths are q,*l q•1, t- and tý. ani
therefore by cirecting cur atterticn to tlhese -e can iopo to
obtain the greatest :•pron.meta. "s•h v.L:. 9 and I .-
defined as transforms and no practical gain wi.l be .- alr2ed
from cnanging tben. If ir-provercent '.- to be gained,! :-s
come iron ql, qU, or 44

9.7 A scheme for judging the !---•rtance of lndlv duel fr.tors
Is given in Appendix e unere tne arelo.!ve sens lvit~y" Is de-
fined by the equation:

Suo of path probabilitieeso =Of ,aths iaIin' o"F?() - a( = u= ci-f pat' h nroU•ETttie

* '.cc) is t+P ,relative sensitivity" of an ev~ut upon situattm
"o" whereeindleates a particular value of the probability of
the event*. In t!.Is partt.cular case, Sql(i)=0.l, 0 ql() 0o,9
and Sq(L)=l.0. Thus it Is apparent that chang.ng q4-will have
the griatest effect on the probability of accident In the situa-
Lion, and also that changing qll wil have a large effect. The
values for q4 and qn were re-exoined In paragraphs 6.10 and
6.161 where considerable jutifieatl.n %as fornd for their selec-
tion at the values 1 x 10-1 and 1 x I0-- respectively.

9.8 It wll. to noted that all paths with probab'lities of 10-4
or worse involve firing of the bohb with a shortened. but not
zero, delay after charging at Uho i_-.stant of drop. That is, one
of the two delays which togethcr make up the arming delay tine
Is ineffecti.. a.d burst ccc%=r 2 or 4j secaonds short, of the

=:;a-o-'.nn dist.1.ce. This r.#ne affect our severity factor,
and if each delay zcre made equal to a time to drop to safe
separation, presunably no aircraft damage would occur in any of
these cares. 2tb' e-x' - - - - - - - - - -- -

'in ::-2;~: -' '-Xrcun--.- -------- e=.r* - --. ........ I3
however. S!:=2 separation velocity Is proportional to the
square of the elapsed tine, a greater than proportional _nc~re~se
in the oL-inu=c -ozin; alt•tude for 1-'.=--- -- u--- .c.uld result,
ahich would probably be tactically uraccetabl. 

1
,1 t.-IS .'z,

-ecnl,sh"'l in -trth ono bc;nb -'n a htundre-d or a z-.ousand

* This symbolc°y and the concpt of :I.... I an.
probabll'•. to changes In value of a tarticular -o=pcnent
prohahilt-1 IS equally applicable to a. -. ,see .. e '"l i-
:eliabilIl) analysis. Present exapIe: c: ruch use at :'CL .e
on tas.s f higher class.ficatlcn but a ge.-eral!zeG ez.;it.c:r.
on th.e =e ecd =ay te expected to be nvaI:~le :. due course.
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b'.r:t 1;, flight noar -e a:rzkanc. e.,en thouh lamou- rer.
ao:.e, he fuze cu- Jicmedlateiy acquire u iad reputation and
ituse aoulý very iikely be curbed, officially or Informally.

iv:u Users t!.eOceives.

. Savural useful conclus!cns ncw follow Immediataely;

(a) Every precaution must be taken in the m.nufacture of
thc.e jarticular ccrponcnt$ ara their 1:xspectic., zust be at a
leve,' to ...sura .- 'nten-r.ne of :ow safety £•lure :.rtcs.

(b) •ince the ;erfor.rnae of ex..luslve devices can:nt be
measured for tr0 onps Actually usec t: the or-dnance, bur can
only be deduced from the performance of their brothers r1rd in
test, a great coal or testing on this particular dasign will be
required to establish tVat a low flre-thrcugh rate ha-t in fact
beer achieved.

(c) RS-laiIrly. It must be demonstrated by test that the
envrcn-ment of the fallinx bomb ioes not often produce switch-

vibration components capable or cau%in& switch closure. This
must be demonstrated In all aircraft types, at all usable speeds
with all applicable bomb sizes and types. !,ince even showing
that this l]l.lihood zas less than 1 in 10 In all these cases by
simply dropping bombs with switch closure indicators would take

.utdreds of drcps, sw.e zc:mI--" ntita:-:e test program rust be
used - such as measuring the enviroritent or using hypersensitive
switcres as in-lcators.

9.20 The products qll q4, q 1 t8q~, and qlql-q4 -s=at be brought
to soce value in the IC-v rang. to b ,-o..parable to tht. vsaluc:
for the fuze performance •-n all other situations. DligrazL=atic-
ally, 7jr qlql problem then looks like this, ii brokern dowa
-ore cc--ple elý:

D4q- efectieSic

Z~4a w-tcr. rioses -
=Z 1i taticn F- £uc

q-.1# -. ie .os=
/

Ir:7C ýZl e Z.a- I-i c-!Lve r' von t
0:baPc



Cu�diD�dfr iaL
i�A,'vw nL:UOI 4O�

V- i� doubtful £' switeh ?I a-ekstre can be nasurod tc on e7.tezl.
greater tnan about I in 100, because of be � associated
with inadvertent � o0 .�f salv�Ing 0" int�rVc�(�ter
hOOLjOS in t:.e larger, � �ue rmturai �re
quenry or the tremble: saltches iS In the vIcin!t� cf IOC' e�'a,
thich nesn ti'at they are also ir�'tebiy subject te�

aircraft �br't �cn, � ziank�ts thIs frer�ueny
range. Therefore the normal citical ci saifiontlon cf a osfec-
ti�e (closed or lcu-resistance) swItch �.a orobably aOecuato to
contrnl th±s point In manufecture*, und II may be assumed that
the possiblilty that an initially food twItSI: bOSOmS
from 2dling, shock ana eibratlo., hlsto-y 'zen be virt�lly
eliminated by designing it to ait:sterd seTe�e ovsrsi�lstiOn:
of servioj or serodvr.sz�e cor.ditions.

9.11 No matter whet mc do about q4b a:sl q.�c, therer�e, q�
n�st be assured to about 1 m lC� or better. There is no regu-
Jar quality assurance schedule of sanpling which will assure
this level by brute force. Unless the design can be made such
that omission of the delay column � not result in a fIre-
through, acme speoi�1 desixn feacure which posit 1v..t� �:eeluics
assembly wIthout the deli.y column or else l00� radiogra�iic
inspection must be instituted for p reduction quality contrz�'�
and the absence of fire-through likelihood In a properly
easembled element must be Oea'onstrated by acme quantitative-
estimat. technIque - perhaps tests at abnormal tenpera.tures ctth
special, more poweriul initiators, mmd tLe like. It �ill be
assumed, in order to continue study �f the fume, that some satis-
factory solution is found for the q1 1 q problem, and the
relzttcdq, q� tat�,e �.. oh tcg.AI.er mcco�nt for ever 99.9% of the
probabilIties. The cost of the necessary steps mentioned nbove
indicate that we have here a fruitful pl�t�*.. to see�: some system
desIgn chant, to by-pass these problems.

9.22 8ituetion eks is return mod landing wth a hung hcmb.
�perience has proven that this is situation which occurs
quite frequently. The analysis nsa Indicated that rt-r the
example fume this is a situatIon which can be q.uite costly. Prosa
Table 9.1 we note that the r�stl�teo CCst .ur fume foes

'Inspection for a critical defect (assuming an Inspection lol.

greater than 3�CC� gives assurance at the 50% conldar.ce level
that n� eoe than 0.3� � *� *4��I� ..�A.....A - "��c thIs
defect.
*' An exactly similar prohiem exists In hand grecades, where
absence of the delay column o±rtualJy essures an su..ident, Thr
gray has !otnd it necessary to go to aut�5tio x�ray monitoring
of the presence of the co�� in * production.
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t z doubzwI' switch~ car be 4ssurcd to an exteii.
reat~tr than abeilt I i.,XO be.-ause of bouLvt.n ssociated
Ich -'aiv--rtent f~-c .. t lvving cr inter,.oreter
Olk-UP3 In the :agr t-7,!b~ ----- rcrt. 7he inatura rre-uancY CC tha trembler switches is in the v~cintty c,- MC(, cjs,hICtj Z-ean thnt they fr ac o,wn~biY subjec;: tr ~~n

ýrr_ alrersft vilrtt!cn, shlch tlani*tb Oi.L. frequerno,Inge. Therefore the normal c~ftlcal cldssificatio.- of a defoc-
Ive (Qlosed or icw-resiotance) switch lb probably nidecuate toontM3. thia point In mariutacturp-, and IL may be assuied thatle poSslbility thiat an Initially P,-od swit=; 'jticzzas defective
:ca eandling, shrock arwe vlbratlo.a hstory tean ba v!rtuall;limtra fttd by desiga~nt; it to z-itstand sevsze ovsrsizulatlont
r sbrvbc3, or aerzndnanic corditIOGs.

.11 INo iestter what sca do- ab~t sq4b Q!. q4
c, therercre, qllIst he ascurad to abui~t I x 10-4 or better. ith-re 13 no regis-

Ir quality asluzence ;,chedule of senpling utich will assureits level. by brute force. Unleas3 the design can be rude suclitat omission nf the delay eol,.mn does not result In a fire-wrougeh, 3ose special Oesign, reaqure which rjoslitv~.y pnfircludesisembly without the delay ccluon or else 10" radiographic
ispectlor. mut be iastltuteij fLr prod~.ction quAli~t;, o:ntrcl-*id the absence of firo-through likelihioOd :a a pron~irly
;Semtled e;~Ceut`t .oUSt be Caeoxistrated by some quantitative-titiate teehuicue - perhaps tests at abnormal tcrmparatures with.ecial, more pjwe:-iul initiatori, and th~e like. It gill Le;suzed, in order to continu~e study of the fuze, that so,.( satis-
ictorzy solution is found fcr the q,1 q9 problem, ard the
,lated q, q,, rpathA - Sch togati.vr acceant for .ree 99.9% of the*obabIlati.es. The cost c.' the necessary steps m~ent~ioned aboveLileat* that we hkvg here a fruit)ul ;1lace to zeei: sorifa Sybtem-sign change to by-pasu these problems.

12 RItuetIon wk" Is return xna *s ladn iVth 6 hwun baonb.perlance hac yrcvea that this is a situatlem wi~hch occurs
Ito frequently. The wnalydes has indicated tthAt for theample suze thiz !:, a situation which cau be quit, costv. Prrcable 9.1 we note that the eSttnatyd c0st PC: f=Se 1-.0

bspection. for a crit--cal defect (assumng9 an- Inspection lot
cL~ter thia 32C-CJ gives ausurunce at th~e 50ý confidence level
,at -no MOe than V f t!: 2v -te "-uad411 ''

.fact.
An exactlyr sisilar prohiam; extsts in hard grenader, wxhCrc

zlance of t.11%, jejay ol.niruly33S-.raS an accideut. lae
--y has found it !necessary to go ,o automatic X-ray e-nitetorne

the prezence cf thc cýzl jr.n In .:A of t~he production.
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